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4. WORK PLAN RATIONALE 

This section evaluates and identifies the data needs for completing the RI pertaining to the 
OCVZ Operable Unit. It defines data needs and data quality objectives (DQOs) necessary for each 
medium in terms of site characterization, risk assessment, evaluation of alternative. and enoineerino , .~...~ -.._...-- D 
design. A description of tasks planned for the RI is provided in Section 5 of the work plan. 
Additional details will be provided in the sampling and analysis plan (SAP), that is attached to this 
work plan. 

Although much data have been collected at the INEL as a whole, there has been limited 
synthesis and analysis of data pertaining specifically to site conditions at the SDA Additional review 
and evaluation of all of the existing data are important elements of the Focused Rf/FS. 

4.1 Objectives of the RI/FS 

The OCVZ Operable Unit is defined as VOC contamination in the media of concern. The 
vadose zone begins at the ground surface and extends to the top of the Snake River Aquifer. As a 
general rule for the purposes of investigation, the vadose zone operable unit is initially assumed to 
be 1000 feet beyond the boundaries of the SDA The modeling for migration of VOCs includes the 
pita and trenches as the sources of release to the vadose zone. However, these pits and trenches are 
treated as separate operable units that are not to be included with potential remediation efforts for 
the vadose zone operable unit. The objectives of the OCVZ Focused RfiFS include: 

. Determine the extent of the volatile organic contamination in the vadose zone beneath 
and adjacent to the SDA. 

. Determine site-specific transport properties. 

. Determine the current and future risk posed by VOCs to human health and the 
environment 

. Conduct treatability studies to develop and evaluate candidate remediation technologies 

. Develop the appropriate remedial alternative based on the nine CERCLA criteria. 

.A nhnsed annmach which includes a remedial invstioatinn hnaelim. &k asg.ecmgg & r------ - rr------ --..o-..-.. --- ._.. - 
feasibility study, vapor vacuum extraction (VVE) treatability study, to reach a proposed plan and 
record of decision will be used to meet these objectives. 

To nmn.,i&= &e bsic data to mp,.+ the nhir=rti.rer nf the nP”7 En~..rml T)T”X c.lnvm. mm-Xr r------ . ..““. . ..” ““,-...- yI . ..” --.Ia ““-- s.ya” “.“.“.. Yy-...” 

tasks have been identified including: 

1. Soil Temperature and Vapor Concentration: This activity will provide information on the 
t‘......amt..ra . . ..r\CL ,.F +I.- . . ..A&.“. ^^rl:...^“*^ ^..A _^^” .._^ --““..:,. _._-^- :.. rl. ̂  ^..-c^:^l Lc.“pl‘zL”L~ p”L”c “I &Ilk. Y”Lll*,aI *YII‘I*IIw all” IIIC(wUIC “LpnII* rap,” 11, ,,,%2 D”LL,C,P, 
sediments. Data will be used to determine the seasonal variations in vapor concentrations 
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and temperature and support the treatability study by giving information on concentrations 
of organic contaminants in the vapor phase and vapor phase transport mechanisms of 
VOCs in the surticial sediments. Those data would be used in determining short circuiting 
around the extraction well. 

2. Vapor Port Monitoring This activity will provide data to determine the vertical and 
horizontal concentration gradients of the VOC plumes and determine a baseline level of 
VOWS in the vadose zone. This monitoring will support the risk assessment, treatability 
study and remedial alternative evaluation. Modeling groundwater and to aid in the 
definition of the vertical and areal extent of the VOC plume in the vadose zone. The 
modeling will include interpolation of discreet data points, Henry’s law estimations and two 
or three dimensional concentration profiles. 

3. Perched Water: This study will develop a better understanding of the occurrence of 
perched water to determine if perched conditions are acting as a retardant for vapor 
transport. Perched water volume and migration will be assessed to determine the effect 
nf PIIIIIP~IIC trsanrrrnrt nn th,= VnP fl,w tn the ~rnmvh.r,t.=r Dmwhs=A w.at~v mnn;tnr;nn will “_ “=““““” ..“..“r”” 1.. . ..I ._“.._.” ~..“b’““..“..“.“.. * -.-..- ..“.“. ...““..Y...~6 ,,... 

provide information on how perched water bodies control vertical permeability of the 
interbeds and horizontal and vertical soil gas movement. Concentrations of VOCs in 
perched water will be analyzed. Modeling will be used to estimate the relative 
rrmtra..*+;,.n r\F ..mrA.nA . ..“*a. tr\ *I.- ,..mroll tmnr..,...t ,.c TlnP” :.. ,Ln ...L...rF”“e IV...LI”YL.YS. “I yw.4,‘” v.“LIL L” &Al.. “.ULY,, LL”.,‘y”‘b “I . VW 1,a &,A1 YY”YY,La*C. 

4. Vapor Port Permeability: This parameter will be measured at selected port locations in 
the monitoring wells and will be used to help define the optimum zonea of extraction for 
.I.^ .__^.^ LIIIL. . . . . >.. m-L_ _____L21L. _PP __._ __..___ 1 -Lf--.-- c-- .L- m-_--d n-m IIIG rlcza,a”,,lry swuy. I‘,E: p.z,rwavrrrry BLLCLW ScxG‘al ““,c%m”W LOI L,,t: rwus~u KurJ 
including definition of the radius of influence, number and location of wells, and the 
vertical zone for extraction. Modeling in the form of pressure and flow grids and two or 
three dimensional concentration profiles may be used to help meet these objectives. 

5. Basalt Tracer Studies: This study will measure the horizontal and vertical diffusion in the 
basalt. The data will be used with the data from vapor port monitoring to calculated the 
VOC flux to groundwater which is expected to be the primary exposure pathway in the risk 
assessment. YTlris data wiii yieid more representative estimates for basalt porosity and 
permeability. To support treatability studies, those data will be used in the modeling of 
the concentration profiles and flow and pressure grids to support the estimation of the 
radius for influence, number and location of wells, and the vertical zone for extraction. 

6. Downhole Barometric Pressure~VOC! Concentration: This taskwill support the treatability 
study and provide information on the correlation and relationship of barometric pressure 
and VOC concentration. Those data will be used to bracket VOC concentration values 
in the plume due to barometric pressure variations. 

I. Meteorological Data: This task will incorporate existing meteorological data from 
environmental monitoring stations at the RWhK to provide specific control information 
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for data collection supporting the treatability study and average values to support the air 
pathway calculations for the risk assessment. 

8. Stratigraphy and Structural Geology: This activity is ongoing as a part of the existing data 
evaluation to gain a getter understanding of the subsurface stratigraphy and geology and 
the relationship of the subsurface to VOC migration in the vadose zone. Further logging 
procedures will be conducted with the installation of the six monitoring wells. 

9. Open Well Vapor Sampling This monitoring will provide information in determining the 
VOC concentrations in the vadose zoned above the 240 ft interhed. Open well data will 
be used to further define the extent and concentration of the VOC plume. This data will 
be used in mass balance, integration and concentration profile modeling which will help 
define the extent and concentration of the shallow nortion of the n!ume which is currently 
believed to have the highest concentrations of VOCs. 

10. Gmurrdwater Quality and Evaluation: This activity will provide information on the 
cflg.cep.trations of VOrQ ip. the armmdunter nntrid~ nf !hc SD-A- ‘I?.p d& w::!! hp tIEed L).” _..“.. I.“. ““I.“” “_ 

in estimating the area1 extent of the VOC plume and the flux of VOCs to the ground 
water. This data is especially important because no information can be gathered within 
the SDA below the 240 ft level. Several objectives have been established for groundwater 
rt..rl;ar Fr\r nrl77 :nr,..rl;nn n.,.....rl...ntnr nL..nt:rm nnrl “..“‘&. nn..:+-a. ..nr”...atarr ..a..t:r^l YLYY,W I”& VI 1 Y .,“.YY,,‘E, 6,“Y,‘“..YL’L \III.YLI”,I Y&BY yu‘....,, Y.g”,L.,L pL”,,,CLCLY, .n L&Cm, 
concentration gradient in groundwater, and VOC flux to groundwater. 

11. VVE Treatability Studyz This study will evaluate the effectiveness of the system as a 
-..--.I:...:..- -I.--...:..- I?..- .L- x,nc- :- .L __.^ .l--- ---- II- -L:--r:..-- -C.L- _I__ _I_. ^_^ L~IIIcuIilLI”II aIIcxIILILIvG I”, LUG I VW 111 LUG “IIU”SG L&JUG. lllC ““,~U1YW “L WC aruuy cur; 
to develop cleanup criteria, extraction efficiencies, radius of influence and preferred zone 
of extraction. Empirical data and modeling will be used to meet those objectives. The 
details of the treatability study will be presented in the VVE Treatability Study Work Plan. 

Three additional tasks (contingent) have been identified. The criteria for performing the 
three contingent tasks is based on an evaluation of the data from the first phase of the 
field investigation (tasks l-10). If more data is needed to define the extent of the organic 
sources to support the liKA or the Treatabthty Study (task II), the three contingent tasks 
will be performed. 

12. Soil-gas survey (mntingent): The purpose of this survey will be to determine the identity, 
location, and relative concentration of selected chlorinated VOCs in the vadose zone 
within the SDA Soil gas samples will be extracted from approximately 30 in. below the 
ground surface, collected in a Tedlar bag, and analyzed with a gas chromatograph. The 
survey will determine whether changes in organic vapor concentrations have occurrcxl and 
further characterize the soil-gas distribution for the organic contamination in the vadose 
zone. 

13. VOC surface flux (mntingent): The VOC surface flus is important in projecting the time 
variations of the VOC plume in the vadose zone. The VOC flux across the soil surface. 
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will be estimated using a flux chamber. The purpose of this study is to estimate the flux 
during typical soil conditions while simultaneously estimating or measuring soil moisture 
content, surface permeability, and soil temperature. 

14. Soil moisture (mntingent): The task objective is to obtain the soil moisture profile within 
surficial sediments from approximately 12 locations within the SDA Data will be. mllected 
on the soil moisture profile on a periodic basis to determine the potential infiltration rates, 
distribution of moisture content, and effective soil porosity with the SDA 

As discussed in the following sections, a number of data gaps in the existing information about 
the organic contamination in the vadose zone have been identified. The need to fill a data gap and 
the degree to which it is tilled are prioritized to most efftciently meet the objectives of the Focused 
RIPS as stated above. Ultimately the Focused RI/IS will provide the information necessary to 
establish potential risks to human health and the environment, as well as to select the most 
technically viable and cost-effective remedial alternative for the site. The decision framework for 
developing the remedial investigation to support these objectives can be summarized as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

What VOC contaminants are present? 

What are the concentrations of these VOC contaminants in the environment? 

What is the vertical and horizontal extent of the VOC contamination? 

What is the potential for the contaminants to move within the environment? 

What is the flux of VOCs to the atmosphere and the groundwater? 

What are the risks posed to humans and the environment by these VOC contaminants now 
--> z- .L- P....--” a,,” 111 LOL: L”L”I~C:: 

When is the risk a maximum? 

if the risks from the contaminants are unacceptabie, how can the risks be reduced to 
acceptable levels? 

What specitic technologies can be utilized? 

If the risks can be reduced, what is the most cost-effective way to reduce the risks? 

The activities that provide answers to the first five questions above are classified as site 
characterization activities and will be conducted during the OCVZ RI and the Groundwater OU 
Track II. A  risk assessment will he performed to answer questions 7,8, and 9. The FS and VW5 
treatability study will provide the answers for questions 6, 9, 10, and 11. 
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4.2 Data Use Requirements and Data Quality Objectives 

The development of DQOs governing proposed sampling activities for the OCVZ Operable 
Unit constitutes an integral part of the RI/FS program. The DQOs are developed through an 
iterative process establishing the data required for the evaluation of remedial alternatives. DQOs are 
incorporated as parts of SAPS, quality assurance project plans (QAPPs), and work plans applied to 
site investigations. 

Data users can be subdivided into two general categories-primary and secondary users. Primary 
users, are those organizations and individuals who are directly involved in Focused RI/FS activities. 
F~~,..,,4”.... rl”,” ..r_- “-_ +l.,...n :“rl:.;A...%,” _r ,..“n”:..nt:n”” . ..I... ..“_ ,...*....*” Sk.... ,I.* DTnx ,t..,4ia. “.b.,,n”“,J “rn,P “.,\I,0 a,* ,,,“YIl ,,,“,*,““a0 “L “,Lj‘mr&arr”,w “ll” YYb “YqJ”W  ll”AU LI,C ‘.A,’ u YLUUlW 
to support their activities. Secondary users include personnel directing other projects at the site, 
facility personnel, environmental impact personnel, etc. 

a,-_. d-1. ---J- --- J-C--> L-~ --I----. .~---- 0.--->--. ~~.._. _..~~ ----~:>- !--~~. I~ .,~ I”I”SL “aLa ,luz”S iJ,~r: “r‘mru “y pmnary UsClS. awnoily users may prowuc mpw LO me 
decision makers and primary users by communicating generic or site-specific needs or regulatory 
requirements or by mmment or question during the review process. 

_^_ - ~. 4.2.2 cvmuaiion of rivaiiabia iniormaiion 

Available information is reviewed and evaluated in the scoping phase of the RI/FS process. This 
review provides the foundation for additional onsite activities and serves as the data base for RI/FS 
scoping. A review and evaiuation of avaiiabie information is presented in Sections 2 and 3 of this 
work plan. Existing data will be validated, where possible, according to EPA guidelines and protocols. 
This process will enable data to be placed in specific use categories such as screening level, presence 
or absence of contaminants, engineering, design, and legally valid and enforceable data. 

4.2.3 Conceptual Site Model 

During the tri-agency scoping meeting (September 12 and 13, 1991, Idaho Falls, Idaho) a 
conceptual site model (CSM) of the OCVZ Operable Unit was developed (see Section 3). In 
addition to the groundwater pathway to receptors, air and soil pathways were identified. Data 
requirements for quantifying transport via the three pathways were defined, existing data sets were 
reviewed, and data needs were identified. 

4.2.4 Data Uses 

Data uses during the RI/I% fall into the following general purpose categories. 

. Site Characterization. Data will be acquired to supplement existing information so the 
extent of VOC contamination in the vadose zone beneath and adjacent to the SDA can 
he better defines= ~~~ infOrmatIOn wi~ii be 1~e11 to ca!ibmte rnmntltPr mddino IIrtiVitipr r ---- _ ..---.. --~ ---... _.-- 
which will be used to predict and estimate the extent of the vadose zone. 

4-5 



OCVZ Pinal Work Plan 
RN. 1 

June 1992 

. ModeZing. Empirical data collected during the remedial investigation and VVE treatability 
study will be expanded through modeling to answer specific objectives of the Focused 
RI/ES. ‘Ihe basic approach is to employ simple modeling strategies based on available data 
and to perform sensitivity analyses to obtain a qualitative (and quantitative where possible) 
understanding of the Focused RUES objectives. The specific modeling approach will be 
tailored to each objective and will utilize several approaches including mass balances, 
integration or interpolation from discrete data points, one, two, or three dimensional 
concentration profiles, pressure and flow nets, and Henry’s law estimations. The modeling 
will be done in a nhased approach; striving for an initial qualitative understanding of the 
situation which $11 be followed by a more quantitative analysis, if the available data and 
end use of the information warrant it. 

. -R?& Assesmen!. lhtn will he cwmirerl !Q ev&& ihe threat pcrpd by the VQC --_- . . . . -- --~-.--- 

contamination in the vadose zone beneath and adjacent to the SDA to human health and 
the environment. Risk assessment data needs include sufficient modelling data to 
adequately evaluate the threat to public health and welfare through exposure to various 
m.wlin nnt, nr c..mr:nn+ n...l;+.l nnA n..n..t:+.r ..n’,t I.- .am..;mrl tl.r,T*.nl. fL&i .o.“,&nn . .._.Y. WY.” “L ““...W11.l. .j”Y . . . . Y&l” ‘I”“” . . . . “... “1 Y.y..La- ..‘LYY6.’ Ill.” YY”.p.‘.~ 
activities and related modeling to resolve baseline risk assessment issues including VOC 
transport to the groundwater and atmosphere. 

= C..^l..“.z^.. ^C D^...^X^l “̂ A:^.. Al.^-^i..^^ . . ..^...^+.^.. ̂ C L.YY‘II”ll”,l “, I\S,,‘.zUI”‘ llCI‘“,l 11c‘SIII”“YGa. Data COiiiXtd t0 SiippOi: c*a~ua~~vn~ UL 
various remedial technologies include site characteristics and engineering information 
required for initial screening of alternatives, feasibility-level design, and preliminary mst 
estimates, as well as data required to support performance assessment. Information 
miiected inciude physicai, chemmai, or hydrogeoiogic daia ihat wiii be obiained by various 
laboratory and field means. 

. EngineeringDesign ofAlternatives. Data collected during the RI/ES can be used to develop 
a preiiminary data base for engineering design purposes. Data may need to be miiected 
to support design of selected remedial alternatives to be implemented at a later time [after 
the signing of the record of decision (ROD)]. As in the case of the evaluation of remedial 
action alternatives, data may include physical, chemical, and hydrogeological information. 
The data may be obtained by both laboratory and field activities and will be extended by 
modeling as necessaty. 

. Worker Health and Safety. Data are required to establish the level of protection needed 
for RI/ES investigators. Data collection will focus on exposure levels for contaminants of 
concern. 

4.2.5 Data Types 

The data use categories just described define the general purpose and intent for collecting 
additional data. Based on the intended uses, a list of target analytes for soil and groundwater 
sampling activities include chloroform, l,l.l-trichloroethane. l,l.Ztrichloro-1.2.2-trifluoroethane. 
carbon tetrachloride, trichloroethylene, and tetrachloroethylene. Numerous previous investigations 
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have analyzed soil gas, subsurface soils, borehole vapors, and groundwater for the entire suite of 
volatile organic target compounds, including degradation products such as vinyl chloride. These 
previous investigation have not detected significant quantities of degradation products in either the 
air, soil, or water media, with the exception of chloroform and to a lesser degree, methylene chloride 
which have been detected in the subsurface vapor plume. Nevertheless, the planned perched water 
and current aquifer monitoring for volatile organic compounds include analysis for typical degradation 
products. To date, these compounds have not been detected. Off-site confirmation analysis of split 
vapor samples will provide not only a check of the quantitative accuracy of the portable GC 
measurements by also permit further qualitative confirmation of the exact volatile organic species, 
including degradation products, present in the vadose zone. The target analytes include known and 
suspected degradation products and all VOCs found in the Snake River Plains Aquifer (SRPA) that 
exceeded Federal drinking water standards or goals or ambient water quality criteria. The data types 
to be mlle&xl chnino the RI and the mrrannndino DQOs are Idea!ified in Table 4-I. .Ako nrvided -- ~ ..- -.- -..- ..- --..--r-..-...o- r------- 
in Table 4-l are methods of data determination, the intended data uses and the analytical levels 
appropriate to the data uses. 

The data qps pr~sented in Table L&’ hnv,= hp.-n iA.mtifi,=ct nn th.p hnci. nf cit.= ,.h.ncmt,.r;~.t;nm . ..“.” .,“_.. .“” . . . . . . -” “.. . ..- .,-... .,- “.._ .,.IY.Y.,.I..IY.IY.I 

needs and on the basis of the preliminary remedial alternatives identilicd for the site (see Section 3). 
Candidate remedial alternatives identified in Section 3 for the OCVZ included VVE. The proposed 
data types for characterization of the organic contamination in the vadose xone presented in 
T4.L A I :..,.,..,im A,.., ,I.-* ..A, I.- ea”..:%.A l ,. ....,...erl.. -..“I..“+- .L- xnro 

I~YIU -7-a uh.w~~ 18av.w ~ucxb nun vc ncqun~cu w ~Y~CL~J II*(IIYPLC unr v vti alld OthCX Su~CStCd 

remedial alternatives. A no action alternative will also be considered and will be evaluated with the 
aid of modeling studies. 

7 _.__-._. >... -~_.. P_-.L. r\mr-r.m~- L..~. :A--.!&--> .~ .I--.~~~~-~-1~ -~~J ~1~~ unpuorranr ua~a types wr me vbv.b nave: tnxn wcnuuw as swmgrapny mu srruciurai geoiogy, 
VOC flux to the atmosphere and groundwater, perched and groundwater quality, basalt permeability, 
vapor monitoring, and VOC vapor concentrations gradients. 

important data types for the groundwaier (saiuraied xonej have been identified as aquifer 
transport parameters, vertical VOC concentration gradients, groundwater quality and elevations, and 
VOC flux to groundwater. 

Sample d&ion procedures and critical sample specifications are discussed in the field 
sampling plan (PSP) accompanying this work plan in the SAP (Attachment III). 

4.2.6 Data Quallty Needs 

The various tasks and phases of a remedial investigation typically require different levels of data 
quality. Important factors in defining data quality include selecting appropriate analytical levels and 
identifying contaminant levels of concern. In general, increasing accuracy and precision are obtained 
with increasing cost and time. Individual DQOs and the appropriate analytical levels associated with 
each data need are given in Table 4-1. 
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Table 4-l. Data quality objectives summary. - 

Temperature 

vocsg 

e 
m 

3. Perched Waler:‘3 

Water kvd 
TL?mpe~l”E 
GJ”d”&ity 
PH 
voch8 
Melals’o 
Radionucliden” 
Anions 
Semi-Volatiles 
Oras alpha,k& 
Isotopic spe~&~ 

Portable GC (O&MM 9.8) 
5% offsite via mod. EPA 
TO-14 or Mod. SW 84.5 method 
8240~260 

Portable GC (O&MM 9.8) 
5% off site ,via mod. EPA 
TO-14 or MM. SW 846 method 
824OB26Q 

Electronic Yensor 
Hydrolab 
Hydrolab 
Hydro,ab 
CLP Orgmin SOW (Cur. IRev.) 
CLP lnorganics SOW (Cur. Rev.) 
Gamma specmmeuic ana+is RML 
EPA 300.0 
CLP organi~rs SOW (Cur. Rev.) 
ERD SOW 
ERD SOW 

II 
V 

,I 

I, 
V 

,I 
If 
If 
I, 
N 
11, 
N 
III 

N 

II 
II 

c 
A 

c 

c 
A 

c 
c 
c 
c 
A 
A 
c 
C 

A 

C 
C 

NBE,RA f 10% 
M&E, IRA per lab SOW 

R4 + 2°C 

N&E, RA NA f 0.1 If? 0.01 f, 
N&E, RA NA e o.w2c 0.01”c 
N&E, RA NA ~l%bo[rane2 4 cdigiu 
N&E, RA NA s 20.1 pH unit 0.01 units 
N&E, RA Per SOW Per SOW Per CLP sow3 1 sota, 
N&E, RA Per CLP SOW Per CLP SOW Per CLP SOWS 
N&E, RA Per RML SOPS Per RML SOP Per RML SOP4 
N&E, RA Per SOW Per SOW Per SOP 

N&E. RA Per RML SOPS Per RML SOP Per RML SOW4 

e 2od 1 Iwm (CCL4) 
per labs sow <!X@ ppb (CC,,) 

N0ne 

Not applicable (NA) None 

+ 2od 
per lab8 sow 

1 Ivpm (CCL41 1 from each 
c!XW ppb (CCL,), of 6 wells 



i v( d r’ od 
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Table 4-l. (continued). 

Lhta 
Task Analytical Validation Critical 

(measurement) Method level level oata iuses Precision *scuracy Detection limii: samples 
- 

1. ;vgr Qyalimoil 
P=lX 

5voC.59 
Poltabfe GC (O&MM 9.8) 
5% offshe via mod. EPA 
TO-14 or h&d. SW P-46 method 
s24om5o 

‘T.Wlperat”E senscdata :,og 

12. ~ioi&Gas Suw w (Contingent)12 

VOCS9 Vapor Probe sampler 
Portable GC: (O&MM 9.8) 

P 
13. YYOC Surface Flun (Flux Chamtd 

L fContinaenQ” 

voCs9 “la chamba (EPA,.%@LLSM)o8) 

Sweep air flow note Portable GC: (O&MM 9.8) !Flowmeter 

Meteorological d,ata NOAA, USGS, EG&G 
\hqlor tempera*tm K-type thermocouple 
.Surface permeability Pemeametermowmeter 
Fbnision rate calculated 

N&E,RA k 10% 
M&E, FL4 per iab SOW 

RA t 2-c 

APA,NBE,S t 10% 
n.4 

APA 21C% 

APA 220% 

+ 20%’ 
per lab sow 

f 24 

*20% 

t2o?d 

fm62 

1 wm WL4) 
do0 ppb (CC,,) 

NOW 

Namt applicable (NA) None 

1 ppm (CCLq) 

1 wm (CC,-4) 

0.5 Uminute 

APA See Sec. 2.5.2.13 See Section 2.5.2.13See Section 252.1’3 N/A 
APA * 1°C f I+’ 0.5”C 
TM 220% NA NA 
APA r10% + 50% (per EPA) I ,@mii.m* 



Ponable GC (O&MM 9.8) 
5% offsite v&mod. EPA 
TO-14 or Mad. SW S46 melhcd 
s24om60 
semormata h3g 

II C  N&E,RA + 10% 1 pw WLd None 
voe9 

Tempemurc 

” 

II 

A M&E, RA per lab SOW per lab SOW ~5~00 ppb (C&4) 

c RA ‘ZOC 226 No1 applicable (NA) None 

3. CLP SOW for Organics - (current revision) (Appendix N) 
4. EGBG-ID Intem:nl Technical Relpxt ST-CS-DV3S9, May 1989 (Appendix 0) 
5. CLP SOW for Inqanics - yB9.6L5.9 (current revision) (Append,& Nf 
6. D;sta Quality Objectives for Remedial Response .Activities Devel~opment P-, NTIS PBS&131370 
7. SOPS for Data Validation (Appendix 0) 
8. Refer to Table 4-9 for tar@ analyte list of volatile organic mmpxmds for water samples 
9. Refer to Table 42 for target an.+@ list of volatile organic compounds for vexitication gas samples 
10. Refer to Table 4-4 fw larger and aaalyte list of organic compou~nds for water samples 
11. Refer to Table 4-5 and 44 for tar@ analyze lists of radionuclidtrs for water sanlplez 
12 Medium is gas 
13. Mledium is water 
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Table 4-2. Target analyte list and detection limits for soil gas verification samples. 

Volatiles 
Detection Limit ’ 

(t-v4 MDL (ns) 

1. Acetone 25 150b 

2. Benzene 1 8 

3. Bromoform 1 8 

4. 2-Butanone 25 150b 
5, Pl.I,.-,.P,.c- \-,I,“L”L”LIII 1 8 

6. Carbon Tetrachloride 1 8 

7. Chlorobenzene 1 8 

8. l,l-Dichloroethane 1 8 

9. 1,2-Dichloroethane 1 8 

10. l,l-Dichloroethene 1 8 

11. Ethylbenzene 1 8 

12. Methylene Chloride 1 8 

13. 4-Methyl-Zpentanone 25 15ob 

14. 1,1,2,2-Tetrachloroethane 1 8 

15. Tetrachloroethene 1 8 

16. Toluene 1 8 

17. l,l,l-Trichloroethane 1 8 

18. Trichioroeihene i 8 

19. 1,1,2-Trichlorotrifluoroethane 1 8 

20. Xylene (meta & para) 1 8 

21. Xylene (ortho) 1 8 

a = The PRQL levels assume that 10 mls is delivered to the analytical system. 

b = Estimate, to be determined 
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Table 4-3. Target analyte list and detection limits for volatile organic compounds in water samples. 

Detection Limits’ 
Compound CAS Number Water ug/L On Column (ng) 

1. Chloromethane 
2. Bromomethane 
3. Vinyl Chloride 
4. Chloroethane 
5. Methylene Chloride 

6. Acetone 
7. Carbon Disulfide 
8. l,l-Dichloroethene 
9. l,l-Dichloroethane 
10. 1,2-Dichloroethene 

11. Chloroform 
17 1 ‘)-nirl.lr\rr.Ptl.onr .w. .(’ Y..,.I.“.“I...“..” 
13. 2-Butanone 
14. l,l,l-Trichloroethane 
15. Carbon Tetrachloride 

16. Bromodichloromethane 
17. 1,2-Dichloropropane 
18. cis-1,3-Dichloropropene 
..7 .,~~.-.~I-~~--.-~~- IT. ~ncntoroetnene 
20. Dibromochloromethane 

21. 1,1,2-Trichloroethene 
.22. Benzene 
23. trans-1,3-Dichloropropene 
24. Bromoform 
25. 4-Methyl-Zpentanone 

26.2-Hexanone 
27. Tetrachloroethene 
28. Toluene 
29. 1,1,2,2-Tetrachloroethane 
30. Chlorobenzene 

31. Ethyl Benzene 
32. Styrene 
33. Xylenes (Total) 

74-87-3 
74-83-9 
7.5-01-4 
7.5-00-3 
75-09-2 

67-64-l 
75-15-o 
75-35-4 
75-34-3 
540-59-O 

67-66-3 
Ill,-M -3 1” I -“v-e 
78-93-3 
71-55-6 
56-23-5 

75-27-4 10 
78-87-5 10 
10061-01-5 10 
79-01-6 iii 
124-48-l 10 

79-00-5 10 
7 i -4j-2 iii 
10061-02-6 10 
75-25-2 10 
108-10-I IO 

591-78-6 10 
127-18-4 10 
108-88-3 10 
79-34-5 10 
108-W-7 10 

100-41-4 10 
100-42-5 10 
1330-20-7 10 

10 
10 
10 
10 
10 

10 
10 
10 
IO 
10 

10 
10 
10 
10 
10 

(50) 
(50) 
(50) 
(50) 
(SO) 

(50) 
(50) 
(50) 
(50) 
(50) 

(50) 
(50) 
(50) 
(50) 
(50) 

(50) 
W V  
(50) I-_\ 
LJ”) 
(50) 

(50) ,__. 
WJ) 
(50) 
(50) 
(50) 

(50) 
(50) 
(50) 
(50) 
(50) 

(50) 
(50) 
(50) 

1. Quantitative limits (CQR - contract required quantitative limits) are matrix dependent. 
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Table 4-4. Target analyte list and detection limits for inorganics for water samples, 

CAs# Compound 

7429-90-5 Aluminum 
7440-36-O Antimony 
7440-38-2 Arsenic 
7440-39-3 Barium 
7440-41-7 Beryllium 
7440-43-g Cadmium 
7440-70-2 Calcium 
7440-47-3 Chromium 
7440-48-4 Cobalt 
7440-50-8 Qwr 
7439-89-6 Iron 
7439-92-l Lead 
7439-95-l Magnesium 
7439-96-S Manganese 
7439-97-6 Mercury 
7440424 M&C?! 
7440-09-7 Potassium 
7782-49-2 Selenium 
7440-22-4 Silver 
,A”n~‘)Z-C P”A:..m ,--u-d “Ln.,“,,, 
7440-28-O Thallium 
7440X6-6 Zinc 

Detection Limitsa 
Water (ug/l) 

200 
60 
10 

200 
5 
5 

5ooo 
10 
50 
25 

100 
son0 

15 
0.2 

40 
K!!M 

5 
10 

5ooo 
?I? 
50 
20 

a. 8pecific quantitation iimits are highiy matrix dependent. The quantitation iimits iisted 
herein are provided for guidance and may not always be achievable. 
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Table 4-5. Target analyte list and detection limits by gamma spectrometty for environmental 540 ml 
water samples.8~b 

Radionuclide 

Na-22 
Al-26 
K-40 
SC-46 
Cr-51 
Mn-54 
Co-58 
Fe-59 
co-60 
Nn-65 
la-94 
Zr-95 
I%?-95 
Ru-103 
RuRh-106 
Agm-108 
.4”... r4n ,x&u-“” 
Sb-124 
Sb-125 
Cs-134 
Q-137 

pCi/ml 

l.OE-2 
l.OE-2 
2E-1 
2E-2 
8E-2 
l.OE-2 
l.OE-2 
2E-2 
2E-2 
3E-2 
l.OE-2 
2E-2 
t IlF-7 ..“Y - 
l.OE-2 
l.OE-1 
l.OE-2 
1 *IT 7 I.“_-& 
l.OE-2 
4E-2 
l.OE-2 
3E-2 

Radionuclide 

Ck-144 
Eu-152 
Eu-154 
Eu-155 
Hf-181 
Ta-182 
Hg-203 
ThTl-232 
ThPh313 ____ _ --- 
ThBi-232 
ThRa-232 
ThAc-232 
t?*-37/; 1.” I”” 
RaPb-226 
RaBi-226 
u-232 
TT 12” “-&A-l 
HI-234 
Pa-234 
U-235 
;-&23g 
Am-241 

pCi/ml 

7E-2 
3E-2 
4E-2 
4E-2 
2E-2 
SE-2 
l.OE-2 
1.6E-1 
‘j&2 
2E-1 
4E-1 
8E-2 
2E-1 
2E-1 
2E-1 
l.lE+l 
1 ‘)r 11 T.JLIT I 
SE-1 
2.3E+O 
7E-2 
i.9E-b2 
5E-2 

$qt!c Desmjntinn I------ 

Matrix Water Geometry: 540 ml poly 
Volume: 540 ml bottle 
Count Time: 16 hours Mass: N/A 

NOTE 1 The detection limits for given radionuclides will vary from sample to sample due to the 
radionuclide mixture and concentrations in the sample. Other parameters affecting the detection 
limits can be the sample matrix, sample geometry, counting times and the deteetor system used. 

NOTE 2 The detection limits for the Radon/Thoron daughters were determined at or near equilibrium and 
should only be applied under these conditions. 

a. Reference: Radiation Measurements Laboratory 

b. If a smaller sample is analyzed the detection limits may be higher. 

4-16 



ocvz Final Work Plan 
RN. I 

June 1992 

Table 4-6. Target analyte list and detection limits for isotope specific alpha spectrometry. 

Element Isotope Detection Limit 

Plutonium Pu=s,PuZ9~ 0.2 pCiil 

Uranium pW5,uS 0.5 pCi/l 

Americium Atn~l 0.2 ncin ~~~ z ~-~ 

a. Based on 100 mls of water sample. If a smaller volume is analyzed the detection limits may 
be higher. 

b. Isotope specific analysis will be done if gross alpha/beta analysis of sample reflects 
> 10 pcii. 

c. Reference: ERD SMO SOW-33 
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Table 4-7. Risk based detection limits. 

Analyte Medium 

Risk-Based 
Detection 

Limit 

Practical 
Quantitation 

Limits 

TCE 

Chloroform 

Tetrachloroethylene 

1,2-Dichloropropane 

Air 

Water (perched/aquifer) 

SQii 

Air 

Water (perched/aquifer) 

Soil 

Air 

Soil 

Water (perched/aquifer) 

Air 
__. water (perchediaquiferj 

Soil 

Air 

Water (perched/aquifer) 

Soil 
‘& 

Water (perched/aquifer) 

Soil 

Air 

Water (perched/aquifer) 

Snii 

3 lnghtt3~ 

0.3 /.&p/lb 

5 mend _ ---w--e 

27 mgltn3” 

3 Ppnb 

60 Wk3b 

5 mg/m3” 

100 mkYbb 

0.3 /@lb 

34 mg/m3” 

i figib 

10 mg/kgb 

2 mgltt? 

.07 jLgnb 

1 whb 
n 7 . ..“/..A “. I “‘g!,“” 

.Q9 PLgnb 

3 mg/kgb 

35 mg/n+ 

1 Pdib 

9 ttlglkgb 

3.15 mg/m* 

5.36 mg/tt? 

4.87 mg/m” 

6.7 mg/m” 

3.96 mg/m3” 

4.48 mghtt~ 

a. 10% of TLV-TWA (lIneshold Limit Values - time weighted average), Threshold Limit Vdues and 
Eiologicol Erposnre Studies for 1988-1989, American Conference of Governmental Industrial Hygienists, 
Cincinnati, Ohio, 1988. 

b. EPA Region 10 “Supplemental Risk Assessment Guidance for Superfnnd,” August 16, 1991. 

c. Based on the injection of i0 mi sampies during anaiysis. 
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To identify appropriate data needs, preliminary applicable or relevant and appropriate 
requirements (ARARs) are identified. Because of the iterative nature of the RI/ES process, ARARs 
identification continues throughout the RI/IS as a better understanding is gained of site conditions, 
site contaminants, and remedial action alternatives 

During RIES planning, an identification of chemical, location, and action-specific ARARs is 
made to develop cleanup objectives and focus the collection of data. Chemical-specific ARARs are 
expressed as numerical values and are either derived from specific standards [i.e., maximum 
contaminant levels (MCLa) as specified in the Safe Drinking Water Act] or are health based. By 
identifying these standards earlyin the planning, appropriate analytical methods and detection limits 
can be selected for the contaminants of concern. The analytical methods proposed in Table 4-1 were 
selected based on the chemical-specific requirements identified in the preliminary ARARs analysis. 

In addition, location-specific ARARS need to be determined during RI/I% planning to ensure 
impacts to identified historic or archeological resources are minimized during field investigations. 
Since all RI activities are within the SDA no historical or archeological resources will be impacted. 
Actinn.rnecifir ARARS Vn:!! a_bn he identified_ In d&em& if certain a_ctInn_r triooer reoulatnrv _ _. . . - . . _ r------ _ -- -_- ---c-- -- D------J 
requirements. 

4.2.7 Data Quantiiy Needs 

The number of samples that need to be collected during an RI/ES can be determined by using 
several approaches. In instances where data are lacking or are limited, a phased sampling approach 
may be useful. In the absence of available data, an approach or rationale will need to be developed 
&^ :...r:c.. .I.^ .^--I:-,. I,.^..,:--” ^^l^^r^A T.. “:r..“r:-... . ..I....... ,a”*” ^..^ -..“:I”LI~ “r^,:^*:^^l +a^l...:“..a” r”,““,,‘y u1.z r‘arrrp 1111% ,“Ce,,“,O OC,CCLCY. 1.1 YIIYaII”InY .vI,C,C “-.(I (I,- cn”PIIa”,C) *%PLoLIL.(11 .CCu‘,,q”W 
may be useful in detetmining the number of additional data required. These approaches have been 
used to determine the data quantity needs for the RI. Section 5 of the work plan and the PSP 
provide the supporting rationale for the quantity of data to be collected. 

4.2.9 Precision, Accuracy, Representativeness, Completeness, and Comparability 
Parameters 

I-.-^^. Tile precision, accuracy, representativeness, compieteness, and comparabiiity (PAKcc) 
parameters are indicators of data quality. Ideally, the end use of the data collected should define the 
necessary PARCC parameters. Once the PARCC requirements have been identified, appropriate 
analytical methods can be chosen to meet the goals and requirements established. A complete 
discussion of the PARCC requirements for the RI are discussed in the quality assurance project plan. 

4.2.9 Data Collection Program 

A data collection program has been developed as a part of the DQO process. The rationale 
to support the collection of additional data for the RI is provided in Table 4-l. The following 
sections provide additional details to support the information provided in the tables These sections 
summarize known information about each medium and identify data needs and DQOs. These data 
needs were developed to test the conceptual site model (CSM) presented in Section 3. 
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DOE has made it a policy to limit drilling, which might result in an open pathway for 
contaminant transport through the 240-ft interbed within the boundaries of the SDA. Hence, no 
drilling through the 240-ft interbcd within the SDA is planned in this work plan, even though vapor 
ports under the center of the VOC vapor plume and below the 240-ft interbed would be helpful in 
determining the flux to the groundwater. 

4.3 Specific Data Gaps 

Th_e identification of data nePds is the most imnortant nart of the sconinrr “recess; These data 
needs were identified by evaluating the existing data and determining what additional data were 
necessary to characterize the site, develop a better conceptual understanding of the site and its 
inherent risks, better define the ARARs, and identify and screen remedial alternatives. 

During the tri-agency scoping meeting (September 12 and 13, 1991, Idaho Falls, Idaho) a CSM 
of the OCVZ Operable Unit was developed. In addition to the groundwater pathway to receptors, 
air and soil pathways were identified. Data requirements for quantifying transport via the three 
..a*l....n.e ..,a..- rl~L.,wl “..A m&*:nn Anta ..,d.. ..,O..P ra.;n..mrl n ..,.inn P ..vaPt:“” ,x” Lt”.A. 17 100’) pL,n”“J.. “.A., “ILII,\I” “I,” ‘NY...,6 “Y&U u.A.7 “.a., .I.,l..I”. YUL’,.~ Y “‘w.e,,‘6 VU I.IYLI,I Iti) I,,* 
the scope of the RI/ES was focusscd to emphasize on the Treatability Study and modeling. 

4.3.1 Source Term Characterization 

This section identifies source term characterization data requirements that should be addressed 
in the RI/FS program for the organic contamination in the vadose zone beneath the SDA. A 
proposed list of target analytes for air, soil, and groundwater sampling activities, together with their 
corresponding proposed deieciion iimits is presenied in Tabie 4-i. information presenreu on sources 
of volatile organic contamination (Section 3.2) were evaluated to identify data gaps that should be 
tilled as part of the focussed RI/F&Y investigation. In addition, data from Groundwater Track II (OU 
7-06) till be used to the fullest extent possible to avoid duplication of effort. 

4.3.1.7 Prhaty Source (Pits). The primary source of VOCs in the SDA are buried drums 
containing sludges. Drums received during and after 1970 were not buried, but they were stored at 
the Transuranic Storage Area (TSA) adjacent to the SDA Estimated volumes of VOCs contained 
in those buried drums were 24,400 gal of Ccl, and 25,000 gal of trichloroethylene, trichloroethane, 
tetrachloroethylene, and other chlorinated hydrocarbons, and 35,OC!4l gal of Texaco Regal oil. Those 
drums were buried in Pits 2,4,5,6,9, and 10. 

A projected exponential failure rate of the buried drums was supported by limited sampling 
results during drum retrieval at the SDA (McKinley and McKinney, 1980) and (Bishoff and Hudson, 
1979). The estimated drum failure rate and the estimated vapor loss from the failed drum results in 
the VOC source to the vadose zone. The failure of a drum cannot be assumed to result in the 
complete and immediate release of the VOWS it contains for several reasons: 
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1. Failure of a drum is deiined as a breach in the wall of the drum and may be no more than 
a small hole as opposed to catastrophic failure. 

2. Some of the drums had plastic liners which would not necessarily fail when a drum failed. 

3. Most of the VOCs placed in drums were mixed with an absorbent and had a thick sludge- 
like consistency. The mixture would not readily flow and the VOCs would have to desorb 
from the adsorbent. 

A modeling and sensitivity analysis will be done to determine the distribution of the VOCs among 
the drums, vadose zone, and atmosphere. 

Sm4fic data newis fnr further snnn-~ term rhnmrt&mtinn me* Lr- _._._ --_- ..-_- _-_ _- ._.___ _--__- _- ___. _..-_-__-..--_.-.. -_-. 

. Estimate how much of each VOC is present in the SDA today and the amount predicted 
to escape monthly&early in the future. This prediction should also indicate the pathway(s) 
for T&SSpf: Of SCh WttStitUPttt. 

. Estimate the sensitivity of the release rate to the amount of VOCs remaining in the buried 
drums. 

4.3.1.2 Secondary Source (VOC Plume). The secondary source of VOWS is the vapor plume 
in the surflcial soil, basal& and interbeds beneath the SDA The waste contained in the pits and 
trenches are outside the scope of the OCVZ Operable Unit and will be evaluated in another 

..~ . . - .I,.” * . . . operaote unu. I ne v VL prume m me vadose zone wiii be used as ihe effeciive coniaminani source 
in generating the vertical concentration gradient and flux to the groundwater and atmosphere; 
however, preliminary modeling and empirical data (Walton et al. 1989) indicate that the rate of VOC 
release from the drums has decreased substantially. Walton et al. (1989) modeled the release and ^ . migration ot chlorinated soivents from disposai pits at the SDA using a two-dimensionai radiai modei 
with all source inventories lumped together into an equivalent disk source at the center. In an effort 
to improve the early model projections by Walton et al., the model has been extended to three 
dimensions so known sources could be separated into locations corresponding to the disposal pits to 
better define and delineate the plume. The general modeling approach and equations used are 
discussed in Section 4.3.5 and more completely in Walton et al. (1989). An areal projection of the 
VOC plume as estimated by recent computer modeling is shown in Figure 4-l. A cross-section 
projection is shown in Figure 4-2. 

4.3.2 Air 

The OCVZ CSM indicates that inhalation is an exposure pathway for VOCs. This pathway will 
be evaluated in the human health risk assessment using past soil-gas data collected at the RWMC and 
air quality data collected at the RWMC (SDA). Specific data needs for evaluation of the air pathway 
for the risk assessment are: 

. Vertical concentration gradients of VOCs in surlicial sediments. 
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. Flux of VOCs to atmosphere. 

An evaluation of the transport of the volatile organic contaminants requires a program that 
measures or estimates the flux of VOC contaminants across the soil surface to the atmosphere. A 
transport evaluation involves quantifying the VOC mass transported, and identifying the major sources 
of the VOC mass. Contaminant determination requires an understanding of emissions from the site 
and the dispersion and transportation mechanism in the atmosphere. A data collection program that 
meets the objectives stated above must address the air and soil dispersion characteristics of the SDA 
This section describes wtential sources and dispersion mechanisms at the SDA and the air data 
collection program requirements. 

The SDA facility consists of disposal pits where drums containing VOCs have been buried. 
Hence. thme nits are nntentia! sources ofvolatile organic emissions to the atmosphere. The disposal , ..--- r..- -.- r~~-..~ 
pits at the SDA are man-made pits that have been filled with waste and covered with 3 to 10 ft of 
soil (RFI 1989). Gases may bc emitted from the waste in the pits by diffusion through the soil 
overburden and through monitoring wells that surround the pits. The emissions from the disposal 
nit. ITP Iik,& tn he mntmlld hv th,= +c=mner~t,,re nf the .,mc,e the thirkne.<a nf the <nil rnver the r.I -_- . . ..-.. _- I_ --... _ -..-- -J _..- _ -... r -.-.- __ -_ __.- __-_-, _..- _..._. -_-__ -_ ____ _-.. _-.__, .__- 

soil cover porosity, permeability, and contaminant concentrations in the waste. 

Grab samples of ambient air have been analyzed for VOCs. These grab samples have shown 
vnr. L., ..n, r\F I L”ml trr CII..CP CmnrPm trr ,hP ..,,..LPrr ,T” ,h.= ritm Air An&,l.+mrc hnrre ha=” .““rn . VW, “Y.&I”L “L Y ,.,.w, ,” ““,a.,” v.z~S”“... .” . ..I ..Y...ILY -.& ..-” “..-. . “. “.,” . . . . _.“.” ..“._ -11.. ..-... 
by workers drilling wells into the SDA where VOCs are suspected. The results from these dosimeters 
also have not resulted in health concerns from VOCs for the workers. 

A11 ----_..- _-1__1--_ I?____ .L^ cv-.* ^_^ .X:--^-^ A ^-A r-^..^-^d^-l I-.. ..“A^..” ^r-^^..l.^-I^ fu, glwt;ous cxEIIsbI”Iw L,“,,, LUG OUrI al.2 “‘aptxsu a,,” narmpu~rru “y VLIII”uJ au‘L”rpr,nr* 
processes. Atmospheric dispersion is determined by the meteorological conditions, the location and 
concentration of VOC flux across the soil surface, and the local terrain. Most emissions from the 
SDA can be characterized as fugitive emissions at ground level and at ambient temperature. Since 
ihe ierrain around the site is Sat, terrain effec’w shouid be negiigibie. 

Tbe meteorological conditions are continually changing, thus changing contaminant dispersion 
and transport. Fugitive emission rates may also be controlled by meteorological conditions and will 
fluctuate as the meteoroiogicai conditions change. An accurate determination of ambient air 
concentrations, therefore, should account for the atmospheric variability as well as the complex source 
configuration. 

‘ihe program for evaluation of VOC concentrations around the site is to calculate ambient 
concentrations by modeling estimated surface flux emissions and measuring specific surface flux to 
validate projected results. A modeling program relies on the source data collected (such as VOC 
concentration gradients in the soil and soil penneabilities), empirical models to determine the 
emission rates, representative meteorological data, and dispersion model to determine downwind 
concentrations. Modeling is routinely performed for a variety of situations and is important for rapid 
assessment of contamination. 
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4.3.3 ‘Vadose Zone 

This section identifies data requirements that will be addressed in the RI/FS program for the 
vadose zone beneath and adjacent to the SDA The documents cited in the section discussing known 
volatile organic contamination in the vadose zone (Section 3.3.3) were reviewed to evaluate the 
existing data base for the SDA and identify data gaps that will be filled during the RI/ES program. 

Numerous studies have been conducted in which the surficial soils have been sampled, and the 
basalts and sedimentary interbeds have been logged or sampled. In addition, soil gas and soil water 
have been sampled and perched water zones have been encountered and also sampled. A discussion 
of the results of these investigations is presented in Section 3.3.3. 

The results of these investigations have been incorporated into the computer modelinp and 0 
CSM. The VOC contaminant transport media and mechanisms used in the computer modeling are 
identified in the CSM (See Figure 4-3). Initial estimates indicated that vapor transport mechanisms 
are the primary method of VOC migration in the vadose zone. Aqueous infiltration transport 
rmmina di.mlv~d Vor~ mp h.w. h.=en mnr~ dnnifirant in &p nact dnn’nn n&w tldinn c=v.-nt<. ----,..-~ -- -..-- , ..I._ ---.. . ..- _- I.~ . ..-.- _.._ ~-- ---..-~ =-.-. -.---... L) -.-..-, 

however, no data are available on these earlier events. Perched water measurements, and vapor port 
monitoring will be used to qualitatively assess other transport mechanisms. The vadose rone beneath 
the SDA is comprised of fractured basalt layers interspersed with interbeds of clay, sand, and gravel 
>P .h.n..m in l&,.*r‘a d-A Ike I.n.ntt In.rm.G 0-m rn.....A.~A r\c nnn..a .,..A Fmrt..mA Irscstt. mn+n;n:nn ..” “..“-.a ..a 1 .a”.” 7-y. 111” “YYY.L .“,‘a” “I” -wy..Y- “I YII.YI Y..” LLYI.YL”” “““Y‘Y IY,‘.“,,‘,,,~ 
zones of perched water. The 240-ft interbed is a continuous 6- to 33-ft-thick zone beneath the SDA 
It also appears to be partially saturated for at least a portion of the thickness within the SDA The 
llO-ft interbed is 0- to 30-ft thick beneath the SDA with it thinning down to virtually nothing west 
of j,ye;; ~~-4. poriions of the ::o-fi inierb& appeai paii;a;:y saiuiai& .XR^__ ----L-> . ..^.__ L W*IIcxG pr;1wc&l WBIGL w 
located or the interbed is saturated, the basalt or interbed retards vapor transport because the 
porosity is tilled with water. However, the saturated intervals are not laterally or vertically extensive 
and contain relatively small volumes of water. Reductions in the rate of VOC vapor movement 
downward ihrough the ii O-ft and 24t%A interbeds and surrounding zones because of saturated or iow- 
permeable zones would affect the relative VOC flux of these pathways and their resulting risks. 

The gaseous and aqueous transport properties of the vadose zone vary between the various 
horizontai iayers. The transport properties within each layer aiso vary considerabiy. Par exampie, 
the hydraulic conductivity of the IlO-ft and 240-ft interbeds varies by six orders of magnitude beneath 
and adjacent to the SDA Measurements were taken on 22 cores from 10 wells, and they ranged 
from 2.2 x 10.’ to 9.8 ft/day for the llO-ft interbed, and 2.6 x lo4 to 8.9 ft/day for the 240-ft interbed. 
Consequently, local measurements of transport properties in the vadose have limited applicability 
because of the high level of variability. What is needed is a measure of the VOC effective transport 
of properties (e.g., permeability, effective porosity, fracture density, moisture content, etc.). 

Computer modeling can be used to determine the effective transport properties of horizontal 
layers within the vadose zone. The effective transport properties of low permeable layers are 
estimated from the measured vertical concentration gradients of the VOCs. The ratio of horizontal 
to vertical diffusivity within the VOC plume is estimated from horizontal and vertical concentration 
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gradients and area1 and vertical extent of the vapor plume. The VOC vapor plume is used as a 
tracer. The VOC concentration results from the vapor monitoring ports and the projected VOC 
release from drums are used to calibrate the computer modeling and estimate the rates of gaseous 
localized vapor diffusion within the vadose zone. 

The Focused RI/l3 SAP has been developed to fill the gaps identified in the existing data base 
for the OCVZ at the SDA Based on a preliminary review of existing data, a number of deficiencies 
have been identified in the data collected to characterize the vadose zone. The following deficiencies 
in the data are presented below and have been addressed in the plan for characteriziuu the site D ~--- ---- 
during the Focused RI/F3 

. The distribution and concentrations of volatile organic contaminants in the soils, basalt, 
nnd adimentam interhdc have= nnt heen fnllv ddin.4 and 1,~ n.=m%=.rl tn rlc=t~~mins= the -._- _-- . . . . -...--, ..____--- ..-.- ._-_ ---. _ _-.. , ---.. _-- -..- -.- ..----- .- -1_-.......- . ..I 

extent of the VOC plume and to perform the risk assessment and to evaluate remedial 
alternatives in the FS. 

The ,,h.&.~, nrnnPr+inc ,,F *$,a l...m.,t n,., ;n An .,.l,hm -,_“a :“,,..A:“” ..ar*:^^l .,..A ),..,“.““. y..,y-...W “L ..a- Y...,“.. L.“VY ..a . ..” .““““I G”UV( ‘,.‘,“.A’.‘6 ..,lL,IP, Oil” 

horizontal hydraulic conductivity, air permeability, and porosity are not well defined. 

. The presence and distribution of volatile organic contaminants in the basalts and 
..J?_.._.._~ 1-1--L->- ~~~~>-~~* Fan- .I~- C.-I .~~ ~~1. 
swmtznrary mrcr~ws unuenymg mt: JUA nave nor seen adequateiy characterized and 
consistently monitored. 

. A consistent program for sampling and analysis of perched water for volatile organic 
chemicais has not been performed. Resuiting data gaps inciude soii-water or rock-water 
interactions and their effect on contaminant migration through the perched water zones. 
Additionally, hydraulic properties of the perched water zones are not well defined. 

. Preliminary projections of VOC fluxes to the atmosphere and groundwater have been 
calculated for the vadose zone at the SDA Additional information on the physical, 
hydraulic, and geochemical properties of this zone is needed to confirm these values. 

4.3.4 Groundwater 

This section identifies groundwater data requirements that will be addressed in the RI/FS for 
the OCVZ beneath the SDA Several monitoring wells have been installed surrounding the SDA 
and provide preliminary information to develop a general understanding of the groundwater dynamics 
near the SDA and to establish the basis for future site characterization decisions. The information 
from the Groundwater Track II will be used for the OCVZ risk assessment, treatability study, and 
feasibility study. 
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Since. 1987 eight groundwater monitoring wells around the RWMC have been sampled for 
VOCs. One sample has indicated concentrations above the regulatory limit of 5 pg/L carbon 
tetrachloride. All subsequent samples from that well have been below the MCL limits for carbon 
tetrachloride. Simulations of VOC transport processes indicate that VOC concentrations in the 
groundwater can be expected to increase over several years and peak sometime in the next century, 
if no action is taken to treat the VOC plume under the SDA. Thus, maintaining groundwater quality 
within regulatory limits will require either reducing the concentrations in the subsurface plume or 
treating ground water at a future date. 

The data collected from the proposed RI is intended to be used to 

. Quantify the magnitude and horizontal and vertical extent of volatile organic 
mntamination in the SRPA. 

. Assess potential exposure impacts 

Several groundwater studies have been conducted near the SDA Even with these studies, the 
existing data base has a number of deficiencies. The data gaps pertaining to groundwater and its 
contaminants inhibit the development of a comprehensive understanding of site hydrology in order 
.^ -,.,.. -^-.I^.^- ._^^.. :-^-^-r^ l-L^^^ -I^&^ -^-^ ^_^ :-l^-.:c^A L-1 -... ..--I ^_^ L^:_- ^-I-I _--^- -I L__ L” ,‘I~. ,sgular”ly Luj”ucm”“w. IUWS u*.La gqm iuc. I”~IILILItzu lJcI”W au” dlc; “Grug II”“,~W vy 
the following Groundwater Operable Unit Track II (OU 7-06) activities 

The direction of groundwater movement beneath the SDA is poorly defined at the local 
---I- m-..-~~ >-I.~-!.!-~~ -P.I~- n-~ C-I> scale. neuer uetmtoon ot tne ttow uetu ai the SDA and iocai gradient reversals is 
needed. 

The presence and effects of vertical groundwater gradients at the SDA have not been 
characterized. There appear to be no data regarding potentiai verticai movement of 
water/contaminants in the aquifer system. 

The total thickness of the Snake River Plain Aquifer is not known. The vertical extent 
of the aquifer has not been determined at the SDA. 

The partitioning of contaminants in the aquifer (i.e., floaters, sinkers, and miscible) is 
unknown. 

The effects of the geologic controls (such as basalt fracture patterns and interbeds) on 
groundwater movement in and around the SDA are poorly understood. Additional field 
data are needed to characterize stratigraphy and aquifer properties beneath and adjacent 
to the SDA 

Pathways of volatile organic contaminant migration (horizontal and vertical) in the aquifer 
need to be better defined at the local scale. (This is very closely related to determining 
local and regional flow gradients). 
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. A water budget evaluation is necessary for developing conceptual and mathematical models 
of water flux and volatile organic contaminant migration in the aquifer beneath the SDA. 

. Geochemical processes affecting the fate and transport of known and suspected volatile 
organic contaminants in the saturated zone have not been adequately characterized. 

4.3.5 Computer Modeling 

The purpose of this section is to eive an overview of the modeling methodology and modeling 
efforts intended to support the object&es of the OCVZ Focused Rf/F!3 at the Radioactive Waste 
Management Complex (RWMC). Modeling efforts support two activities: (1) the baseline risk 
assessment, and (2) the remediation evaluation. However, much of the data required to support one 
are also reonired for the r_lther; Part m&&no studies that addressed the nronnic cnnta_mina_tion at 0 -~-~-~- --o----- -- 
the SDA (Walton et al. 1989, Baca et al. 1988) have supported both of these activities. 

Modeling will be used to expand empirical data collected to answer specific objectives of the 
F.Lm. S+nle mnrlelc nn= hard nn avnilahle rlstn and aencitivih, ~nalvces are nmfnmerl ta &y&in r’- ...---.” -.- ---- -._ -.-..--.- ____, -._- l-“l.~..“, -‘~-.,l-” -_- I---------- 
a qualitative (and quantitative where possible) understanding of the vadose zone. Specific modeling 
will be tailored to each objective and will utilize several approaches. Modeling will be performed in 
a phased approach; an initial qualitative understanding of the site will be followed by a more 
nw.nt:+nt:~m nnnL.:. :F ,hP .xr”:lnl.ln A”,” nnrl a..,4 ..CP r\c ,hP :nFll-~+:r\.. ..m..want :t &,“..;t;.,~ yYY...L.“.,w’ “..“.,Y,U, II .,,I U.U..““,~ ““LY “,I” InaY -I “& .,a* U,L”IU,UL.“.~ v.“LLUbIb n.. Y.,,IY....\I 
parameters will be determined and analyzed as characterization proceeds. Parameters will include, 
but are not limited to, infiltration rate, source term release rate from waste, effective diffusivity, and 
effective VOC source area for the groundwater model. 

4.3.5.1 Modeling to Support Risk Assessment. The objective of a risk assessment is to 
quantify exposure to receptors. This requires sufficient data be collected to determine the spatial and 
temporal extent of contamination at receptor locations. It is not always feasible to collect enough 
data to satisfy ihis requiremeni. Present risk can be estimaied by curreni VOC measurements in ihe 
vadose zone but those measurements do not predict the future. To make these predictions it is 
necessary to supplement field data with fate and transport modeling. Models make use of available 
lab and field data and physical and chemical principles to estimate data which is otherwise impractical 
to obtain. 

To perform a quantitative risk assessment, the VOCs released to the environment in each 
medium must be estimated. The two major pathways for exposure from VOC contamination are the 
air and groundwater. Modeling supports the quantitative risk assessment by providing estimates of 
VOC flux to the atmosphere and to the aquifer from the vadose zone. Estimates use vadose zone 
concentration data, interpolation, and simple equilibrium and/or process models. For example, VOC 
flux to the air and groundwater can be roughly estimated using steady-state diffusion models and 
vapor concentrations in the vadose zone. If there is sufficient data, aqueous transport (groundwater 
pathway) and barometric pumping (air pathway) may be added to the process models. The fluxes are 
then used in other models to calculate air and groundwater exposures to be used in the risk 
assessment. Air and groundwater concentrations can be approximated using simple box and/or 
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dispersion models. Box models are used for near source receptors and assume fugitive emissions are 
mixed in a rectangular control volume to calculate average ambient concentrations. 

To determine future risk, some knowledge or estimate of the rates and directions of 
contamination movement under predicted ambient conditions is imperative. This can be done by 
modeling the growth and spread of the VOC plume in the vadose zone from time of disposal until 
present. ‘Ihe appropriate model and processes would be determined by site specific historical, 
geographical and hydrologic data. The predictive capability of the model would be enhanced by 
matching field data (i.e. vadose zone vapor concentrations, groundwater concentrations, and surface 
flux measurements) with predicted output. This calibration requires adjusting model parameters until 
model output agrees with field measurements. From this information, past and future VOC fluxes 
to the atmosphere and groundwater can be estimated. 

Earlier studies by Walton et al. (1989) used simplifying assumptions to model the growth of the 
VOC plume using what can be called a limited parameter model. The model was judged acceptable 
in terms of complexity for the purposes of this study by an independent peer review panel (Robertson 
et a!:* 1990) The mdelino nrnr~cws necnmntinnc~ nnd the site trnnannrt nzwwn~ters are dirn~rad D r _-____ -_, -----.r-.-.-, -..- ___- _..- ---.--r--- r-.-.‘.----- -_- -.__--- 

in the following section. 

4.3.5.1.1 Model Theory and Assumptions (Vadose Zone). In the vadose zone, 
nmnn;r. l.nn .a,&, ;n .hw..= nhslr.=r. ,I\ n nnn.zn**~n**r I;nl&l nh.x.= I?\ mn nn.IPn..C ,in..;rl n)ln.,a nnrl UL6Y...U “Y.. _.Y. . . . . . . . “1 pm.,W. \‘, Y .~“.~“‘I”““..” ..‘I”.” p...aw, \a, . ..a “\I”-“” . ..J.uY pm.,‘, “,I” 
(3) a vapor phase. Baca and Walton (1988) have suggested that for the RWMC and the type of 
organic waste disposed there, the transport of organics occurs in the following order of importance 
(vapor transport > aqueous transport > nonaqueous transport). Each of these phases can move by 
rl:cc..-^-r -,.A.,.-:“-^ A ̂ ..^^.. ^ ^L^^^ ^A .^^. :-.- ._^_^_^A :. A: _^^. I .._^ ,^.,..A A^ .I.^ _^..^__ -c........- “ll,lrlL,ll, ,l,~,,(I,,,J1,“. a-L~uulu.Y puLuc a”*cc,,*c rrolwplr 13 “uG*rry LGI(IIW L” L11.z p”LL&xm “L *la,c, 
flow in the subsurface. The climate at the RWMC is quite dry and infiltration is only a few 
centimeters per year. Therefore, aqueous advective transport is restricted due to the low 
soil-moisture content, and water flow rate. Aqueous phase diffusion is also limited because of the 

~~ .~~. 3 .* Pi ~. .I iow-moisture conrent ano me race mat aqueous diffusion is three to four orders of magniiude smaiier 
than vapor-phase diffusion. However, partitioning of the organic vapors into the water phase could 
he a significant factor controlling vapor movement at the RWMC. 

Nonaqueous transport is dependant upon the viscosity of the iiquid wastes. -The Kocky Fiats 

organic waste buried at the RWMC contained a significant amount of viscous machine oil. Prior to 
shipment from Rocky Flats, this waste was mixed with calcium silicate and packed in 55 gallon drums. 
The calcium silicate turned the mixture into a semi-solidified paste. This solidification process, the 
high viscosity of the oil, and lack of nonaqueous phases found in the vadose zone are justifications 
for considering the nonaqueous liquid phase to be relatively immobile. 

Transport of contaminants in the vapor phase can occur by advection, dispersion, and diffusion, 
and is affected by partitioning with the solid and water phases. Advection is the result of pressure 
and density gradients in the gas mixture. Usually the only significant pressure gradients are near the 
surface due to fluctuations in barometric pressure. They account for venting of the gas to the 
atmosphere. During vapor extraction operations, however, pressure gradients induced hy the 
extraction process are larger and advcction is the principal mode of transport. Density gradients 
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result when the soil gases (usually air) arc contaminated with another gas of a different molecular 
weight. The density driven flow will be upward if the molecular weight is less than air, and downward 
if the molecular weight is greater than air. Since the molecular weights of the VOCs of concern are 
greater than air, the movement should be downward. The principal VOC at the RWMC is carbon 
tetrachloride which has a molecular weight approximately five times that of air. The velocity of the 
flow is a complicated function of the chemical’s vapor density (i.e., concentration), the permeability 
of the media, and the degree to which the vapor is partitioned into the water and solid phases. For 
the relatively dilute vapor concentrations measured at the RWMC, the density driven flow is 
estimated not to be significant. However, this will be investigated to determine the relative 
contribution of density driven flow to the overall transport of the VOCs. 

Dispersion is a spreading process caused by the mechanical mixing of solute during fluid motion. 
It is caused by velocity variations due to: (1) the drag forces exerted on the fluid by individual pore 
walls, (2) heterogeneities in the media, and (3) the branching of the flow paths. This process is 
usually important at flow velocities higher than those predicted at the SDA. 

For waste mioratinn. v~lnnr nhare diffuainn wa mncidered tn he the dnminant male nf ----e-------’ .-=-. r..--- -..--_-._ __._..-__ -- _- _- _._- -- _.... _-.__ _ ..___ -_ 
transport. As Baehr (1987) observes, halogenated hydrocarbons such as trichloroethylene (TCE) and 
carbon tetrachloride (which account for the majority of the Rocky Flats organic wastes at the 
RWMC) can be significantly transported by diffusion because of their high vapor pressures. Other 
r..-renrrhsam ha”,= .,rn ;&nti‘id .,.A-r A;ff...;nn tn h.p a- ~mnnrt.m.t tmnrnnrt mc.rhnn:.m ‘kr .rA.t;ln .-1-1--..-. I ..I._ _.“_ .-_ . . . . . . I_ .-~“. “...-.-.. .- -1 Y.l . . . . y-s....‘. “U.‘Yy”.. LL..,I.IY.I.Y.A. IYL .“.Y.nn- 

organ6 (Farmer et al., 1980; Weeks et al., 1982; Martin and Thompson, 1984). 

Other processes that can affect the migration of organics and act to retard their movement are 
nn*..m, ,l~m”,i^t:~” ““A “,.....‘L.^ ,.c +I.- ^..“̂ -:^^ ^...^ *I.- -^--..^ -,.-I:.. -“r-L 0^-L. ^....A:^- I... II.“&“.“. “~~~‘.“‘.L,“,, (I,,” ““np,“” “I ,,,r Y’pr,.U “Ill” <UC pwuur ,,,cu,a ,,,0,,u ua,y ~,Y”,W “J 
Lambert (1968) and more recent experiments by Mehran et al. (1987), have demonstrated that 
sorption of organ& is controlled by the amount of natural organic content in the porous media. The 
organic content of the basalts beneath the RWMC is quite low and thus sorption is assumed to be 
I-___ &I _..___ I .I_-__>_.:^- _I-__ --. ------ _- L- -:--!E---. --..->I-- ~~~--I~~~~.~~~~ ~..a tow. I*~LULBI ucgtauauon uoes riot apptxr LO UC. a stgnurcanr rerarumg mecnamsm enner as caibon 
tetrachlotide vapor is quite stable with a degradation time of about 7000 years (Vogel et al., 1987). 

To summarize, the processes thought to be contributing to organic movement and the -__- _- subsequent formation of a SubSurfact? piume at the KWMC are vapor and aqueous phase transport, 
with vapor transport being predominant. Of the vapor transport mechanisms, molecular diffusion 
contributes to the greatest degree, with mechanical dispersion, and density induced advection to a 
lesser degree. Aqueous advective flow should have a minor effect assuming natural infiltration; 
however, partitioning of the vapor in regions of higher moisture content will retard the transport. 
Adsorption and degradation do not appear to be important retardation mechanisms. 

4.3.5.1.2 The General Transport Equation (l&dose Zone). The information and 
processes summarized in the previous section can be incorporated into a general transport equation. 
Application of this equation to the RWMC will yield information about the rates and directions of 
VOC movement. The governing equation for conservation of a contaminant can be written as 

ac a.- -=- 
af 

v-q + SC - x. 
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This is the governing equation for contaminant transport in a porous media, derived on a 
macroscopic level. X/at is the time rate of change of the contaminant, 4 is the contaminant flux,S, 
is the mass generation or contaminant source term and AC is a decay or sink term. Neglecting free 
liquid contaminant transport, the contaminant, C, may be partitioned between the solid matrix, the 

- -. soii water, and the soii gas. Uetmmg $B,, I$,, and +a, as the soiid, water, and gas fiiied porosities; 
and C,, C,, and C,, as the solid, water, and gas concentrations, the mass of the contaminant per unit 
volume of porous media can be written as 

c = ,$$* + $$w + ItI I? TI-8’ 

For simplicity, local equilibrium is assumed between the solid, aqueous, and gas phases. This means 
that any change in the concentration of one of the phases is accompanied by an instantaneous 
corresponding change in the concentration of the other two phases. This being the case, it is 
assumed that the contaminant in the aqueous and gas phases is partitioned according to Henry’s law 

c* = HC, 

where H is the Henry’s coefficient. A similar relationship based on a linear adsorption isotherm is 
assumed to approximate the partitioning between the solid and aqueous phases 

C, = KA 
where Kd is the partition or sorption coefficient. The mass per unit volume of porous medium can 
then be written as 

Recalling that sorption could be neglected due to the low carbon content of the basalts beneath the 
RWMC, the equation can be rewritten as 

which can be further reduced to 

where R4 is commonly known as the retardation coefftcient. For a moving fluid the retardation 
---.%-1--. t- _L- --.- -C.L- “TIC> -~-*--t~~ 1~ .a~- ~~-a--!.~ -P .I~- --~~,-~~~.~~~ ~1 cueu~cwm~ w tat: raw UL wt: umu vrrouty LO L~L: verwxy 01 me conrammanr. ii represenis ihe 
capacity of the media to store the contaminant similar to the specific heat of a substance being a 
measure of its capacity to store heat. A retardation coefftcient equal to 1 describes a situation where 
there is no sorption or aqueous partitioning and thus the contaminant is unretarded. A retardation 
coefficient greater than i denotes sorption is taking piace. 

The flux, 8, in the original transport equation is the sum of the diffusive, dispersive, and 
advective fluxes. 
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Using Fick’s law the diffusive flux is given by 

& = -+#‘~~c, 

where Dm is the molecular diffusion coefficient and r is the tortuosity factor. The tortuosity factor 
is a number less than or equal to 1 and accounts for the extra distance covered by a fluid traveling 
a tortuous path through the void spaces of a porous media. 

Similar to the diffusion expression, the dispersion term can be written as 

d* = -4pQ 

where D is a second order tensor called the coefficient of mechanical dispersion. Mechanical 
dispersion accounts for variations in velocity at the pore scale. Because this process is velocity 
dependent, it is most important during VVE operation and not during migration under ambient 
conditions. 

The remaining fluxes considered are expressed as advection in the gas phase, and advection in 
the aqueous phase 

where 0 is the average pore velocity of the gas or water. Note the aqueous concentration has been 
pmr~~wc=rl who Uenrv’r Inui -.‘r------ ----D ---.--, _ .-... 

The contaminant concentration equation can now be written upon substitution of the partition 
equation and the flux equations into the original balance equation. 

Note the sink term has been dropped and the equation has been written conveniently in terms of the 
LIPS nhsxe rnnc-entratinn D- =-.-- _-.._- .._. -_.-__. .AJ?hfifioh the en,,ntinn mnv lnnk c-nmnl~r it cnn he .imnlifid even fnrther o- ---- - =------. . ..-. .--._ _- .-.=. -._ , ._ _-._ -- _.... =..-. ---.-.__- ____ -_ 

by considering only the dominant flux terms. For simple geometries and sufficiently constrained 
problems, the equation (or parts of it) may be solved rather easily by analytical means. The equation 
may also be solved easily using numerical methods. With a few modifications to coefficients, the 
tm...~n,..., ~,..nt:,... nnn ha .A.,,.,4 . . ..nn n r~l.,t:.rnl.. n,w.aml . . . . . . . “,.+Tth,x oha,+- ,-,........+a- .._,.m... Ln”wpN’, byYY’,,“U .,mu “I Y”,.W WU.& 0 ‘W ”...“‘, &jW,“L’, yYLp*L “Cl &UC .71,~11 IN”y”LcL pup”“. 

The program must be able simulate advective and/or diffusive transport of a single phase contaminant 
in a saturated porous medium (preferably in more than one dimension). 

rl-- ---- . .._ - -_--__- _____^^_I r-__-I.>-- .L_ ^- .._. I-- :_ nT\mvv T\.x, ..--:-- m 7 I”..--L-I l‘lci wnrp”rG;l plugliar p”p”Gu L”‘ *urnug L‘lcj quarrulr w T”RL-L”vT “GlSl”‘I L.J (lwrn;rral 
and Sagar 1990). PORFLOW is capable of solving the combined fluid flow, heat and mass transport 
equations in geologic media. It was developed in support of environmental remediation activities 
being conducted at the Hanford Site. Version 1.0 of PORFLOW has been thoroughly tested 
I. * (Magnuson et ai. i9%aj by verification with anaiyticai soiutions and benchmark testing with 
numerous other computer codes such as FLASH, TRACRSD, PEMWATHR, SUTRA, and TOUGH. 
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PORPLOW uses an integrated finite-difference formulation to discretize the process equations into 
a set of linear algebraic equations and PORPLOW is also equipped with several solution algorithms 
to choose from. PORFLOW has been used at several DOE sites for both saturated and unsaturated 
zone studies. PORPLOW’s ability to reliably predict gas transport has been demonstrated by 
simulating two gas injection experiments here at the INEL (Magnuson et al. 1990b). 

The mass transport equation from the PORPLOW user’s manual is as follows 

Assuming Rd is not a function of C and dropping the sink term, this equation resembles the derived 
equation except for the advective term. In the single phase mode, PORPLOW uses only one 
advective flus term. In the derived eouatinn. the advective oaa flux is nrrnunted fnr ew=n thmnh IE -1-~------r ~-- __-. ._ -__-__ ____ ___ -.-. _ -‘~--~.. I 

previously discussed; the consequence of this transport mode under normal conditions is assumed 
small when compared to diffusive flux contributions. The importance. of aqueous advection will be 
determined by comparing results of simulations both with and without water flow. This process could 
likely he imnnrtant nn the frinmer nf the nl~mm= wham= mnrentrdnn nvxlkmt~ n-a 1rrs.s onA rl:FCIdnr . ..--.. I_ ~~‘-~--~-..‘ -.. . ..- -.... ~- -_ . ..- r”...v . . . . “.W -..- . . . . “..“.a pY”.-...” Y.” a”- Y,.” “.LL”..I”,‘ 
effects are less. Information from the Groundwater Pathway OU will be used to evaluate these 
processes. Therefore, it will be judged on how it affects the contaminant fluxes to the air and 
groundwater pathway (i.e. a 10 percent change would be deemed important). To implement the 
nn,.a,.,,c .4.,.%.*:~.. :r DnDEI n,rr rn.m C~lL....z”” “..L”r:+..r:^.. :” ..^^A “‘IUIY”.. ““.-..“,I 11, 1 .,&.I YV . . Lur L”,,“““‘~ D”“ILIL”LI”,I w WC”. 

This substitution into the PORPLOW transport equation makes it an equivalent expression to the 
derived contaminant transport equation assuming no advective gas flow. If it is determined that 
advective gas flow is important, the advective flux term would have to be modified to account for 
h,.,h ,h‘3 ,ii.m,.,n,l qn,,P,...C 4.n.n an,4 +I.- ,.nr .a.“.-- I.G.....L . . . ..A.&T^^r.-..\ ^- :. . ..^...A I-^ _^^^^I^_. Y”.II . ..” YY”“..“” “‘I”-“- p.YL “‘1” LBl.. p.x yu-c \*uuy~C nmAmn*cI”‘“Ln, “L ‘I W”“,” “C ‘Iw,cam&IJ 
to solve a two phase problem. If a constant water infiltration is assumed and density effects are small, 
it is not necessary to solve the two phase problem or even the flow equation. If a more thorough 
examination of aqueous phase transport is necessary such as simulating a flood, then it may be 

-:-..a-.- fiaaiy to D ,,,, “,~Lt: a ~w&ph~e pi&ieni. T-~~. -- c--. --~.--~~?~~~-.1-~~ 1~ *- DUL as a ttrst approxlmauon ro large-scaie aqueous 
transport, the problem could be simulated by more simple methods such as superimposing aqueous 
flow fields of increasing magnitude over the domain. This would yield a better understanding of the 
importance of such temporal aqueous events and will indicate the sensitivity of infiltration. 

The transport equation has been simplified by assuming diffusion dominated flow in an 
unsaturated region where the resulting pore space is saturated with a single phase, isothermal binary 
gas. Since carbon tetrachlorlde has been detected in nearly all of the vadose zone vapor monitoring 
ports, the model should be calibrated with carbon tetrachloride data. The model can then be used 
to simulate the movement of each of the other contaminants separately. The transport equation can 
be solved in one, two, or three dimensions. The mass transport equation in its expanded 
three-dimensional form written in Cartesian coordinates is: 
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where U, V, and IV are the Darcy velocities in the x, y, and z directions respectively. This is the 
selected model equation for simulating VOC transport in the vadose zone. In the case of uniform 

:-LYl.--A!-- --*-~ .L- n---~ .~.l__ZL~ I- &L. ----.~- ,>----~~~--a\ d:---&-- ?. :-.---L--. aq”cxJus uuu”alI”“, ““ly me uarcy “tx”c”y I” L”c: ncgauvr. z (““wnwar”, ““cc”“II IS uup”rLaur. 

Walton et al. (1989) studied the release of the VOCs from the containers and the waste pits and 
determined that for the relatively high vapor pressure compounds disposed at the SDA, the release 
was governed primariiy by container faiiure. Reiease from the containers is determined by writing 
a mass balance for the organic waste inventory, C,, in the containers 

where I is the rate of waste input, X, is the mole fraction of the ia component, P is the fraction 
nf mntninms that dn nnt fnil nt hminl ami 1. is the mntainer failme rate mnctant S&Ann nf the -__-.__-...-__ _..-_-- ..-_ _-__-_ _-__-_, -..- .-(I - ---- _-___-...-_ _-..-_- _-_- _-.-_- .__. --.-_.-__ -_ ___- 

equation for the burial or emplacement period, (r * rJ, and the post-emplacement period, (t > r>, 
yields 

The release rate, C, from the containers can then be calculated by 
c, = q1 - d + A&, 0 * 23 

<, = A&-, I _ _ _. ( c ? ‘J. 

The initial failure rate of the containers, (1 - E), has been estimated to be about 20% and the 
corrosion failure rate, A,, to be 3.2~10~~ per second. The corrosion rate was estimated from drum 
retrieval studies at the RWMC. The initial container failure rate is the least understood component 
of the source. term equations. It is therefore recommended that this uncertainty be recognized and 
the sensitivity of the parameter bc examined should this level of modeling be considered appropriate 
and warranted. 
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4.3.5.1.3 Modeling the Geologykiihology et the RWMC. Reviews of existing data on 
the stratigraphy and structural geology beneath the RWMC are being performed. The subsurface 
of the RWMC area has been studied by a number of researchers (Barraclough et al., 1976; 
Humphrey, 1980, US Department of Energy, 1980; Rightmire and Lewis, 1987; Anderson and Lewis, 
1989, Knutson et al., 1990) and is discussed in detail in Sections 2 and 3 of the RI/FS work plan. 
According to these reports, the subsurface of the SDA is a sequence of layered basalt flows, cinders, 
and sedimentary interbeds of varying thickness and composition. The RI/FS objectives will establish 
the degree of subsurface characterization and transport modeling. The PORFLOW code is capable 
of incorporating stratigraphic laverinfl of varvino thicknew tn mfl~=~t the v&t!& in nmwrtier .a ~-~-a .,... ~ -.--- _- _- _.___ ____ r--r-. ..-1 
measured at the SDA 

The transport properties of the basalt flows and interbeds are known to vary spatially. 
Trap.p,mt nrnnetiv dc~ta rnll~rt~rl h-r h-en nm .m.ll pm-.= cnm,&x l-l.., tr\ +lr.3 A:sxr..l+.. ““A n-D..“- r-.-T-IT---, --_- --..-- _-- ..- ~~~“~““““..~.~“‘...~.-. Y”W  .Y .I&” Y.“.““.LJ “,I” ‘“pm.,., 

of obtaining a large number of samples the degree of spatial variability may never be well known. 
This could make estimating transport properties for modeling purposes quite difficult. Transport 
modeling can be facilitated by defining zones of common hydrologic and transport properties that are 
.;nn;Gr.nth. A:FFPs.“t than ..c.:nhl.~r:“n ..-A,.“” l-ha”- -^-^^ ” ---- “11.. --:--:A- . ..!&L IL.. --:-_ Y.,y..LWYL’.,J “,LLI,.m,, LUYLI ““lgrrvu,ru& rr(;r”r,r. 1 uwc CAJIIU g.alr;rarly wIIIullG W llll UK rrril,“, 
stratigraphic features of the subsurface. By doing this, the properties for each zone become effective 
properties on a macro or field scale. 

P--- L^-..lr n-..- L ̂ _^^. 1. .L- on* LI_LIm~ P _._. ~~-., L..,~ *~-~~. -~~.~.I YUIII= v-011 IJVI*D vsuea~u ~11s 9ufi rugmy ~rac~ureu won nonwnrarry and veriicaiiy. if ihe 
fracturing is extensive the net effect of the heterogeneity may create a macro-porosity system where 
the blocks of basalt act like sand grains in a sedimentary system. The VOC vertical concentration 
profiles from monitoring wells near the burial pits are very similar in shape. These data suggest that 
.I~~ . me plume is rather diffuse and it’s movement under ambient conditions is controiied by differences 
between individual basalt flows and interbeds and not heterogeneities or distinct fractures in 
individual flows. Core logging, basalt tracer studies, vapor port permeability measurements and 
extraction well flow measurements will test that hypothesis. 

4.3.5.7.4 Modeling VOC Traflsporf In the Aquifer. To model transport of VOCs in the 
SRPA for the purposes of risk assessment, simple models will be applied. The appropriate model will 
depend primarily upon aquifer characteristics and the location of the future RME individual. To 
estimate current risk for locations near the source, simple box or control volume mixing models would 
be appropriate. For future risk scenarios and downstream receptors, dispersion models will be used. 
The dispersion model is derived from an analytic solution to the groundwater solute transport 
equation (Code11 and Duguid 1983). This is the same model used by Walton et al. (1989) and written 
into a general purpose computer code by Rood (1992) called GWSCREEN. The model assumes 
constant, unidirectional flow in a homogenous aquifer of infinite lateral extent and finite thickness. 
Sensitivity analysis will be done on the transport modeling. Parameters will include, but are not 
limited to, infiltration rate, source term release rate from waste, effective diffusivity, and effective 
VOC source area for the groundwater model. 

4.3.5.2 Modeling to Supporl Remediafion Design. The design and operation of a 
remediation system such as a vapor extraction system can be aided by annronriate analvsis and L& r--~~~- ~~~~~.,~.. -..- 
modeling. Modeling a vapor extraction system is different than modeling done for a risk assessment. 
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The movement of VOCs by vapor extraction is dominated by gas advection (pressure-induced flow). 
Diffusion, which is important under ambient conditions, negligible within the influence of an 
extraction well. 

Although modeling vapor extraction processes can be done separately: system design will rely 
on results which are important to risk assessment. The growth and spread of the organic vapor plume 
is controlled by container failure rate and diffusion rates of VOCs into the soils and basalts. The 
results of the growth phase determine the VCOs to be removed. The cleanup time depends on the 
nature, extent and volume of the plume. The cleaned up criteria also denends unon trnnsnnrt under ~~-r-..-- -r-.. ..-... r--- -._--_ 
ambient conditions, since it determines the fluxes to the receptors. When the extraction pumps are 
turned off, the residual contamination in the subsurface will continue to migrate. The level of 
contamination allowed to remain must be established from the same analysts used to support the 
bllre!ifie &k gp&es3p.ent. 

To determine the feasibility of VVE remediation and design an effective system, it is 
advantageous to be able to estimate vapor flow rates, mass removal rates, and the time required to 
nrhin...a m  m&can lad ,.F ..w..m4;nt;,w. T.. nn..amt +I.:. rm”..:..m” I.“,....l^A”̂  ^P +I.,. ..^-r^-:^^^r Y”...“Vl u 6’.‘,X ,“.I, “L L.,,UCY,~W”,I. 111 p”cL”1, L‘llY ,L.y”UW lur”wnwg~ “L ,Ll.z w,,I‘u,,,,,~‘,, 
locations relative to the vapor flow paths introduced by extraction wells. Current levels and locations 
of the contamination can be determined by sampling. Flow paths however are determined by the 
geologic and hydrologic make-up of the subsurface, induced vacuum, and construction of the 
d-,.,.r:^- . ..-.I ̂  ‘FL,. n ̂ ..._ . ..I.- ̂ -.d..“-..-n ^____^I__ ^^- L.. ..-1: _..I_ .I P--- - . . ..-L._-r.-- -c I_._._ c*LLa*,I”LI WCIW. 1Il.z ,,“I* prm a,.” “qnJ1 ,.“I* &ala Gall UC WLlllllllcu LL”lll a wIII”lllau”II “1 Llal;TI 
tests and pressure measurements during operation. This information can in turn be used to estimate 
flow and transport parameters for modeling. Modeling can then be used to examine other conditions 
such as vertical extraction zones, well placements, and operating parameters. 

To support the Treatability Study and design of a VVE remediation system, a phased modeling 
approach will be used. First, simple screening models will be used to estimate the performance of soil 
venting operations and to interpret the results of field tracer tests, and pump tests to determine air 
pe~eablllty/KuKhCtitity. These modeis however assume simpie geometries and may not yield the 
necessary information to understand the system. As knowledge of the flow system and the controlling 
factors increases, it would be worthwhile to include effects of a heterogeneous and “layered 
subsurface. 

4.3.5.2.1 Model Theory and Equations (Remediailon). The design of most VVE 
systems is done by constructing a site-specific prototype system to determine critical parameters. As 
W E  systems become more widely used, models are being developed to assist in the design and 
implementation of them. Currently, there are relatively few models developed solely for investigating 
VVE systems. Aside from a few exceptions, the VVE physical processes are similar to those of 
groundwater pumping systems. Researchers (Krishnayya et al., 1988; W ilson et al., 1988, Croise et 
al., 1989, Massmann, 1989; and Johnson et al., 1990) have all demonstrated that groundwater (porous 
media) flow models based on Darcy’s law provide good approximations to gas flow if the pressure 
difference anywhere in the flow field is less than 0.2 atmospheres. Since most VVE systems operate 
at pressure differences under 0.2 atmospheres, equations derived for incompressible fluid Row in a 
porous media can be used to model the gas flow so long as coefficients and variables (specific storage! 
permeability and pressure) are expressed appropriately. 

4-38 



ocvz Fina, wo* Plan 
Rev. 1 

June 1992 

The general equation for single phase, isothermal, slightly compressible fluid flow in a porous 
media can be written as 

s$ = V*[K(vP + BVZ)] + II), 

This equation is derived from Darcy’s law and mass conservation principles. 

where: S, is the specific storage coefficient, 
p k the hvdrnulir head ,-‘---“- ..---, 

K is the hydraulic conductivity, 
B  is the density disparity term, and 

4 is the fluid volume injection/extraction rate. 

For VVE simulations, the density disparity or gravity term can usually be neglected. Johnson et al. 
(1990) simplified the equation further by assuming steady, radial flow in a confined, homogeneous, 
porous stratum of known thickness. That simplification resulted in simple screening models to be 
used in evaluating VVE systems. These models can be used to predict: pressure distribution, vapor 
flow rates, vapor velocities, and the radius of influence around the extraction well. The radius of 
influence is defined as the radial distance where the subsurface pressure is equal to atmospheric 
pressure. These are useful models but their application is limited to the simnle oenmetries mentioned ~~ ~~~~ ~~~~~r.~ D . -...-- ..- -..-- 
before. To incorporate more complex geometries, the equation must be solved numerically. Initially, 
pressure and flow fields can be generated to gain a qualitative understanding of the extraction 
process, and important design parameters. The information produced from these studies should be 
hp.!nful in inteimretino additinnal data IIS it hemm.-s amdahle frnm fnrther ?p.?&m nnA nnamtkn nf r--- --- ------ r.- _... D ---._.- ---. ---- - __ ----...-I -.1..-1.- ---1.. _-...1-. b . . ..- VFw......,.’ .,. 
the extraction well. Furthermore, the updated information should be used to reline the original 
assumptions and property estimates that went into the preliminary studies. Application of this 
information will improve understanding of site geology and its influence on vapor transport rates and 
dkC!iOl?S. 

The same computer code proposed for risk assessment modeling can be used to model the more 
complex geometries discussed. Many of the same reasons for using PORFLOW to model plume 
_^__ ..I. ..-_I -: __^. :-- ^_- ^--,:^^L,^ P-_ .._--- _.A ---I z-- --J-II-- ,-.,-.T-.m  _..I :- ~LUWL~B zwu turgrauw ate. appuxwc LUL vapw CALI~CL~II rmueurrg. rvnr~uw IS a puweriui code 
which is widely used and well verified. Because PORFLOW is currently being used at EG&G, several 
post-processing routines for output are also available. 

_---- __ . . . 
4.~.9.z.z mooerrng Parameiers jRemediaiionj. Tile most important parameter for 

simulating vapor extraction processes is air conductivity or permeability and the inherent anisotropy 
associated with it. Air permeability is important because it determines how the vapor plume will 
respond to pumping. According to Massmann (1989), this is one of the most uncertain of the input 
parameters. Depending on the geologic material and presence of moisture, it’s value can range over 
several orders of magnitude. Because of the fractured basalts, it is better to obtain large-scale 
permeability values from field tests rather than laboratory measurements on core samples. In a field 
test by Schmalz (1969) at another INEL site, horizontal permeabilities for basalt were estimated at 
about 0.1 to 183 darcys. These numbers contrast sharply with permeability estimates for RWMC 
basalt cores in the milli-darcy range as reported by Knutson et al., (1990). The field-scale 
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permeabilitics can be determined indirectly by empirical measurements of pressure and flow in the 
extraction well and pressure measurements in a nearby monitoring well. 

In light of uncertainties in the subsurface, sensitivity analyses should be conducted. Model 
predictions and remediation decisions should take into account these uncertainties. For example, the 
modeling of flow in fractured basalts has little theoretical basis. Heterogeneity and potential 
channeling effects are likely to be important in the basal& High permeability zones could lead to 
over-prediction of VVE effectiveness and under-prediction of clean-up time. Currently there exists 
no satisfactory alternative to the equivalent porous medium assumption. The proposed tracer tests 
and pressure monitoring should help define the macroscopic implications and appropriateness of this 
assumption. 

A number of VOCs were measured in the perched and groundwater and in the vadose zone gas 
phase. These contaminants included carbon tetrachloride (Ccl,), trichloroethyiene (TCE), 
tetrarhlnrnc=thvlene IPf?Fi \- --I, triCh!OrOethltE ITPA\ IUC?Cl-\ _-__--.__ -.---..,.-..- \----,, Ch!OrOfOXE \-----,,, 1,1,2- 
trichlorotrilluoroethane, etc. Some VOCs were specifically called out in the waste inventories (i.e., 
CCI,, TCA, TCE, PCE.) 

With;n ., nr~liminn~r n..olitntis,m &I, nermcrm.xnt th.= mex,.rd mnr.=ntmti,-.nr nnrf tn&-ihr nf the I. . . . . ..a ” y” . . . . . . . . “L, .jY”...Y...” L.“_ “.,“-~..“.s.( . ..I . ..--“.-I -1.w . . . . “.I.,.... I..” .V”.I.., Y. . ..I 
VOCs were evaluated. The projected risks associated these compounds were estimated, and it was 
determined that carbon tetrachloride was the major risk with TCE also being a concern (about 10% 
of the carbon tetrachloride). While other VOWS are less of a risk due to their lower concentrations. 
‘FL- ..:-I- -I--.L.-. IIAr” ..1*1 L^ -^^^ .._^ -I luci ~0r.a UL vwc4 *VW ww VG III~~LWUL~~U alid COiilbiil~ -With the ii&S diie t0 C&Oil tetiXh:Oiide 

and TCE to accurately reflect the total risk of VOCs in the vadose zone. Since the other VOCs are 
not a major risk concern, they will be measured only periodically in the vapor ports. However, all 
purgeable CLP analytes will be measured in water that is sent to outside laboratories. 

4.3.7 Summary of Data Gaps 

The data gaps of the OCVZ were initially identiticd in the September 12 and 13, 1991, scoping , .-_-- . meeting. Tile generai data gaps inciude (a) vuc plume and transport data beiow the 24O-it inter-bed, 
(b) extent of the VOC plume including elevated VOC levels above the 240-ft interbed, (c) VOC 
migration from the buried drums into the vadose zone VOC plume, (d) vertical concentration 
gradient below 240-ft interbed, (e) vertical VOC concentration gradient above 50 ft, (f) VOC surface 
flux, (g) VOC flux to groundwater, (h) VOC “foot print” above groundwater, (i) effective aquifer 
thickness, (j) validated computer modeling, (k) prediction of effectiveness of the remedial alternatives, 
and (I) validation of transport properties of vadose aone. Data gaps include: 

. Estimate how much of each VOC is present in the SDA today and the amount predicted 
to escape monthly/yearly in the future. This prediction should also indicate the pathway(s) 
for release of each constituent. 
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. Estimate the sensitivity of the release rate to the amount of VOCs remaining in the buried 
drums. 

. Vertical concentration gradients of VOCs in surficial sediments. 

. Flux of VOCs to atmosphere. 

. The distribution and concentrations of volatile organic contaminants in the soils, basalt, 
and sedimentary interbeds have not been fully detined and are needed to determine the 
extent of the VOC plume and to perform the risk assessment and to evaluate remedial 
alternatives in the I%. 

. The physical properties of the basalt flows in the vadose zone, including vertica! and 
horizontal hydraulic conductivity, air permeability, and porosity are not well defined. 

. The changes in permeability and porosity behveen basalt flows, and between basalt flows 
and sedimentary interbeds are not we!! defined and wi!! affect the presence, !ocation, and 
extent of perched water zones. 

. The presence and distribution of volatile organic contaminants in the basalts and 
sedimentary interbeds lln~*rl,~ng !he SDA hu.v ..v. Q,,P nnt r,,asn oA.an..o+P‘.l rl.nmrtcw:-h4 “..A . ...“” ..,... Y1v.. ““‘y”“,.,,, I,IU.YILII,-” ‘A,,” 
consistently monitored. 

. The hydraulic properties of the perched water zones are not well defined. 

. A  consistent program for sampling and analysis of perched water for volatile organic 
chemicals has not been performed. Resulting data gaps include soil-water or rock-water 
interactions and their effect on contaminant migration through the perched water zones. 

. Preliminary projections of VOC fluxes to the atmosphere and groundwater have been 
calculated for the vadose zone at the SDA Additional information on the physical, 
hydraulic, and geochemical properties of this zone is needed to accurately calculate these 
v&es. 

. Quantify the magnitude and horizontal and vertical extent of groundwater volatile organic 
contamination 

. Assess potential exposure impacts 

These data gaps are identified below and are being addressed by the following Groundwater Operable 
Unit Track II (OU 7-06) activities. 

. The direction of groundwater movement beneath the SDA is poorly defined at the local 
scale. Better delinition of the flow field at the SDA and local gradient reversals is needed. 
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. The total thickness of the Snake River Plain Aquifer is not known. The vertical extent of 
the aquifer has not been determined at the SDA 

. The partitioning of contaminants in the aquifer (i.e., floaters, sinkers, and miscible) is 
unknown. 

. The effects of the geologic controls (such as basalt fracture patterns and interbeds) on 
groundwater movement in and around the SDA are poorly understood. Additional field 
data are needed to characterize stratigraphy and aquifer properties beneath and adjacent 
to the SDA 

. The data on hydraulic properties of the aquifer need to include data from pumping tests 
that stress the aquifer. The numnin~ tests at the RWC have uenerallv hem nerfonnezl r ~~~~~r ~~~~ ~~ -------- ._ ---.. =-.-- _._. -- 
with low pumping rates and with no observation wells. 

. Pathways of volatile organic contaminant migration (horizontal and vertical) in the aquifer 
fippd to be better &-&pd a! the !nca! SC&p. (**is k “q &)&y r‘=lLh=rl tn rlPtPrmi”inn LIZ”..,.. .Y ““.“L..... a.m.6 
local and regional flow gradients.) 

. A water budget evaluation is necessary for developing conceptual and mathematical models 
cd-...d,.V n.., anA ..r\lnt:ln r..,w,&, ,.,“+.m..:“,“+ ..A”.“&.” :” A., “,...:f-nr l.n..nrtl. *I.- fnA “I WY..,& . . ..A Y..” .Y.YL.II “Lp.s.r -aIL”nnIIIIY,LL u.m~L‘.Ln”” ,,A L,&l ayY,L”’ LILanb,m.., L1.I UYrl. 

. Geochemical processes affecting the fate and transport of known and suspected volatile 
organic contaminants in the saturated zone have not been adequately characterized. 

4.3.8 Filling Data Gaps 

Data gaps and supporting tasks to be performed in the Focused RI/I% have been prioritized. 
The specific iasks referred to by numbers are presented in detaii in Seeiion 5.3. 

VOC migration from the buried drums into the vadose zone will be estimated by measuring 
VOC vapor concentrations adjacent to the waste pits (task 1). These results will be used to support 
the source projections made in the computer modeiing. 

New vapor ports installed with groundwater wells surrounding the SDA by the Groundwater 
Operable Unit will be used to define the extent and concentration of the VOC plume and the vapor 
transport properties below the 240-ft interbed (task 2). 

Transport properties of 240-ft interbed will be addressed in the RI by measuring VOC 
concentration below and above 240-ft interbed (tasks 2) outside the SDA, and by using tracer tests 
through 240-ft interbed (task 10) outside the SDA Existing information on the stratigraphy and 
structure of the vadose zone will be reviewed (task 8). Information on transport properties within the 
various stratigraphic layers will be identified and correlated with parameters in the computer 
modeling. 
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The extent of VOC plume above 240-ft interbed contains the zones of high concentrated VOCs. 
Further sampling of the VOC plume, particularly east and south of Extraction Well 8901 will be 
performed by monitoring existing open wells within the SDA (task 9). Plume concentrations between 
wells will be projected between monitoring ports using the computer modeling. The extent of elevated 
levels of VOC concentration, particularly above the llO-ft interbed and east and south of the 
extraction well, will be more fully defined within the SDA by monitoring exiting open well for VOC 
concentrations (task 9). 

The vertical concentration gradient below the 240-ft interbed will be defined with the newvapor 
ports located below the 240-ft interbed but outside the SDA. Those ports are being installed by the 
Groundwater Operable Unit. The vertical concentration gradient above 50 ft will be determined in 
the vapor concentrations in soils (task 1). Shallow vapor measurements are highly affected by 
barom.&c nressure~ T;?& 6 will menwm~ the effect nf inrreares smrl rl~=rwnre~ nf the harnmetrir r-------. _ . . . . .._ -_-_- _._- --_--- -- _._-_---1 -..- ---.---I -- -._- --_-...-_..- 
pressure on the VOC concentration in the vadose zone at 50 ft. 

The VOC fluxes to groundwater will be projected by the computer modeling. These projections, 
$“&& p’p ,sed to quant$y &-, -n.z**,.e r’*sk .L.c..lt:“” +-*,.m *I.‘3 mm..nrl..ratnr ,vd....~.. .&ill be -aF.,y”... LWll.... 6 L&V... ..a- 6.““.‘“..“.“. yYLu,.YJ, 
supported by vapor measurement below the 240-ft interbed (task 2) and the groundwater quality 
measurements (task 10). which are being performed by both the USGS and personnel from the 
Groundwater Operable Unit. 

The area though which the VOC flux migrates to the aquifer will be defined in order to estimate 
the contaminant mass loading to the groundwater. The areai extent of the plume just above the 
aquifer will be defined by the new vapor ports and new and existing groundwater wells (tasks 2 
^__I .,I\ au&J I”). 

The effective aquifer thickness, which is necessary to estimate the contaminant concentration 
in the groundwater, will be defined within the Groundwater Operable Unit (OU 7-06). 

The computer modeling needs to be validated with empirical data defining the extent and 
concentration of the VOC plume beneath the SDA The confidence level of the computer modeling 
increases with each data point validating the projected VOC vapor plume and transport properties. 
Data from continual monitoring of new and existing vapor ports will be used to validate the computer 
modeling (task 2). Gas permeabiiities surrounding each vapor port will be measured (task 4) and 
correlated with computer modeling transport parameters. 

Computer modeling is used to predict the effectiveness of the various remedial alternatives. 
Results from the treatability study and vapor transport properties (tasks 4 and 5) will be used to 
calibrate the VOC extraction option of the computer modeling. 

Validation of the CSM and transport properties of vadose zone will be addressed in (tasks 2, 
3,4, 5,7,9, and 10,). The perched tasks (task 3) will result in estimates of aqueous movement in the 
vadose zone. The remaining tasks relate to vapor movement through the vadose zone. 
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The following activities (VOC surface flux, soil moisture and soil gas survey) will only be done 
if the first phase of field activities and review of those data determines that they are needed for the 
Baseline Risk Assessment to determine VOC being released to the air pathway. The VOC surface 
flux will be measured by with a flux chamber (task 12). The VOC surface flux is expected to vary 
considerably across the SDA, consequently, eight locations will be measured using the flux chamber. 
The flux locations will be identified with the prior soil-gas surveys, which defines the areal variation 
of VOC concentration. The vapor surface flux will be strongly affected by soil moisture, temperature, 
and meteorological conditions; consequently, soil moisture (task 13) and temperature (task 1) 
measurements will lx made adjacent to the flux measurement locations. Meteorological data will be 
collected during the entire RI (task 7). 

4.4 Remediation Alternatives 

During the four-month extraction teat the vapor concentration in Vapor Monitor Well SSOlD 
was found to increase above the llO-ft interbed as seen in Figure 4-5. What appeared to be 
happening was horizontal movement of VOC vapor from a more highly concentrated zone west of 

11 _c- --3 --- ~~~-~~~~ !~- .r.O” !~->I--.-> L‘lt: lll”llll”r WtTll. ~nc sou-gas survey m mot mwxcu a hoi spot west of Weii SSKD. Tub 
concentrated plume correlated with recorded locations of VOC containing drums buried in Pits 4 and 
10 obtained from inventories and burial records. 

_-. . . ^^^_- Tne increase in the vapor concentration in Monitoring weu -ID appeared io show no VOC 
increase resulting from vertical VOC movement. As seen in Figure 4-5 the vertical concentration 
gradient did not show a relative increase in shallow vapor ports as would indicate a downward 
movement of VOCs from the overlying pits. Consequently, it appears that the increase in the VOC 
concentration in Well WUllJ was due soieiy to horhontai movement of the vapors. if the vapor 
plume can be moved horizontally with little vertical movement, the VVE will be most effective. 

During the four-month test the extraction gas averaged only 36 ppm Ccl, (Siion and Ellis 
1991) resulting in a low mass-extraction rate of Ccl,. During that test, over SO% of the extraction 
gas was removed from below the llO-ft interbed where the vapor concentration averaged about 40 
ppm, which is similar to the extraction gas average concentration. By extracting from the lOO- to 70-ft 
zone that contains concentrated VOCs, it is believed that the VOC concentration in the extraction 
well can he increased. The raised VOC concentration would increase the extraction rate resulting 
in a more cost-effective remediation system. 

Computer modeling can be used to project the maximum VOC concentration in the vadose zone 
that will result in VOC contamination below Maximum Concentration Limits (MCL) in the 
groundwater or below (TLV) in the atmosphere. Using this approach, a risk-based cleanup criteria 
can be developed. The proposed cleanup criteria would vary with depth in the vadose zone. VOC 
plumes nearer the soil surface and the aquifer would result in higher fluxes to that pathway. 
Projections of VOC cleanup requirements would give project managers (Idaho Department of Health 
and Welfare, EPA, and DOE) contaminant values, upon which to base remedial actions. Those 
cleanup projections would also result in operational targets for the treatability studies and design 
ctitetia for the remedial d&on; 

4-44 



5,000 

c 2~,000 

E 

g 1,000 

500 

200 

100 

50 

20 

10 

- 
- 
! I 

4-Month Test 

I I2 I 

April ~May June July 

78 ft 
-H-- 

92 ft 
--&--- 

102 It 
-- 

131 ft 

167 It 
-m-- 

Figure 44% Carbon tehwhloride cclncentratioos at Well KSUILI during; the tour-month test. 



ocvz Frna, wo* Ran 
RN. 1 

June 1992 

4.5 Conclusions 

The following conclusions were drawn in preparing the rationale for the Focused OCVZ RI/FS 
specific study tasks as they apply to data gaps prioritized in the March 12, 1992, meeting: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

The technical rationale and data usage of each sampling activity are defined and related 
to existing data. 

Data resu!tip from the l?T m-tivitis=r y$! b- gti!i& tc &~.r<p ihe &*tpg nf &p- VQC ~ ..I... . ..- -.- _ --... _._I 

plume in the vadose zone, develop the baseline risk assessment, and support the VVE 
treatability study. 

P,........,. -,.&.I:“” ..A, l.- ..rz.A + A n.,+,m.A m....;.:““, A.,,” “..A h,. . . ..a.%.+ &-..*..*a a.,*“+” a* bAJ,,,pLc, rrruurrrr,y, n,,, “C “YC” L” c*,L4IY c”1pLwczl ull,m all” ,” pcu1c, L”b”I\I C”CI‘t.7 cw 
required by plume definition, risk assessment and treatability study activities. 

Flux projections developed from empirical data and computer modeling will be used in the 
11sx ilSS~lllG,ll. 

Carbon tetrachloride and TCE are the major contaminants of concern, but the risks caused 
by other VOC contaminants will be included in the risk assessment. 

Local measurements of vadose zone transport properties have limited applicability to the 
RI/FS due to their high spatial variability. 

__-- . Measurements of the VUC plume concentration and extent can be used to detine effective 
transport parameters for xones of common transport properties in the vadose zone. 

The distance from the VOC source to the groundwater (approximately 500 ft) and the 
VOC transport rate result in the maximum VOC flux to the groundwater occurring in the 
future. 

The maximum flux to the atmosphere is projected to have occurred in the past. 

Empirical data and computer modeling will be used to develop cleanup criteria for the 
vadose zone. 

Remedial alternatives that may be proposed for the RI/FS include (a) VVE, (b) in situ 
bioventing, (c) excavation, and (d) no action. 

No drilling through the 240-ft interbed within the SDA 

A summary of the correlation between pathway priorities, field activities, and data gaps for the 
organic contamination in the vadose zone operable unit is shown in Table 4-8. 
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Table 4-8. Correspondence between pathways priorities, field activities, and data gaps for organic 
contamination in the OCVZ Operable Unit. 

Pathway Field activity Data gap 

Vapor pressure and 
temperature in vadose 
zone/pits 

Diffusion/permeability of 
VOCs in vadose zone 
;tiasr t&g 

Packer teats (in open 
wells) 

Slaiiow weii vapor ports 

Groundwater 

Groundwater analysis for 
VOtWelevations (multiple 
completions) 

Diffusionipermeabiiity of 
VOCs in vadose zone 
(tracer tests) 

cQn!inuous ramp!ing 
through interbeds (vapor, 
physical properties, 
transportation properties) 

Geophysical logging 

Vertical VOC vapor concentration gradient 
VOC surface flux 
Estimate of VOC vapor pressure in pit 

Transport of VOCs in basalt 
Transport of VOCs in sedimentary interbeds 

Vertical VOC vapor concentration gradient 
Vertical and horizontal extent of VOCs 

Verticai VW vapor concentration gradient 
Vertical and horizontal extent of VOCs 
Transport of VOCs in soil 

Groundwater direction and velocity 
Groundwater quality 
Groundwater VOC vertical concentrations 
gradient 

^__-- . Transport ot vuLs m basait 
Transport of VOCs in sedimentary interbeds 

VPrt jC.1 St!d horkonta! PXtElt Of VOCS 
Preferential paths for transport of VOCs 
Transport of VOCs in sedimentary interbeds 

Vertical and horizontal extent of VOCs 
Thickness of aquifer 
Preferential paths for transport of VOCs 
Transport of VOCs in basalt 
Transport of VOCs in sedimentary interbeds 
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Packer tests (in open 
wells) 

Shallow well vapor ports 

Deep well vapor ports 

XI ^--- --^--..-^ ^_-I 
rapn pLG.w‘” au” 

temperature in pits/vadose 
zone 

Vertical VOC vapor concentrations gradient 
Vertical and horizontal extent of VOCs 

Vertical vapor concentrations gradient 
Vertical and horizontal extent of VOWS 
voc fllnr to ~mllndwater e------..---- 

Vertical VOC vapor concentration gradient 
Vertical and horizontal extent of VOCs 
VOC flux to groundwater 
Transport of VOCs in basalt 
Transport of VOCs in sedimentary interbeds 

Estimate of VOC vapor pressure in pit 

Recent prior soil sampling shows no 
significant organic contaminants adsorbed 
onto surface soils at SDA No data gaps, 
reference Section 3. 
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